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PREFACE  TO  REVISED  ED1TIOK 


THIS  book  originally  appeared  in  two  volumes, 
"THE  HISTORY  AND  RUDIMENTS  OF  AROHITEOTUBIS," 
and  "  RUDIMENTS  OF  THE  ART  OF  BUILDING."  "What 
ever  errors  they  may  have  contained  have  been 
corrected  in  this  "  Eevised  Edition,"  and  ranch  new 
matter  and  many  new  engravings  have  been  addea. 
The  book  is  now  uniform  with  "  THE  AMERICAN 
COTTAGE  BUILDER." 

We  have  dealt  freely  with  our  authors — cor 
recting  where  they  mistook — extending  where  we 
thought  they  were  not  clear — curtailing  where  we 
imagined  they  were  too  profuse  in  their  remarks — 
and  rejecting  those  illustrations  and  allusions  which 
possess  no  interest  to  the  American  reader. 

In  the  various  departments,  we  have  made  free 
u:*e  of  WEALE'S  SERIES,  copying  from  it  such  informa 
tion  as  seemed  appropriate  and  valuable,  sometimes 
using  the  very  words,  and  at  others  simply  con 
densing  its  information. 


PREFACE. 


It  was  not  without  much  hesitation  that  we  re 
tained  the  algebraic  signs  made  use  of  in  the  book, 
especially  in  Section  I. ;  but  those  readers  who  <lc 
not  understand  them  may  safely  omit  them  without 
losing  the  substance  of  the  work,  while  those  to 
whom  they  are  familiar  will  find  them  valuable. 

It  must  not  be  forgotten  that  the  book  on  Archi 
tecture  is  a  "Rudimentary"  Treatise,  and  all  that  it 
promises  is  to  introduce  the  reader  into  the  porch 
of  the  temple  of  Artistic  Science,  doubting  not 
that  he  will  be  so  pleased  and  instructed  that  he 
will  go  in  the  Temple,  even  to  the  sanctum  mnc 
torum — the  holy  of  holies. 

The  book  on  Building  is  edited  from  Dobson,  and 
is  intended  as  a  "  First  Book  on  the  Art  of  Building, 
designed  for  the  use  of  young  persons  who  are  about 
to  commence  their  professional  training  for  any 
pursuit  connected  with  the  erection  of  Buildings; 
and  also  for  the  use  of  amateurs  who  wish  to  obtain 
a  general  knowledge  of  the  subject  without  devoting 
to  it  the  time  requisite  for  the  study  of  the  largui 
works  that  have  been  written  on,  the  different 
branches  of  construction." 

JOHN  BULLOCK, 
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HISTORY 

AND 

RUDIMENTS  OF  ARCHITECTURE 


BOOK  I. 
THE      OEDEES. 

IN  Its  architectural  meaning,  the  term  ORDER  refers  to 
tlie  system  of  columniation  practised  by  the  Greeks  and 
Romans,  and  is  employed  to  denote  the  columns  and 
entablature  together  ;  in  other  words,  both  the  upright 
supporting  pillars  arid  the  horizontal  beams  and  roof,  or 
trabeation,  supported  by  them.  These  two  divisions,  com 
bined,  constitute  an  Order ;  and  so  far  all  Orders  are  alike, 
and  might  accordingly  be  reduced  to  a  single  one,  although 
for  convenience  they  are  divided  into  Jive  leading  classes 
or  families,  distinguished  as  the  BORIC,  TUSCAN,  IONIC, 
CORINTHIAN,  and  COMPOSITE. 

It  would  be  a  mistake  to  suppose  that  inasmuch  as  the 
Orders  are  divided  into  five  classes,  there  is  for  each  of 
them  one  fixed,  uniform  character  ;  for  such  a  belief  has 
led  to  a  mechanical  treatment  of  the  respective  Orders 
themselves,  nothing  being  left  for  the  Architect  to  do,  so 
far  as  the  Order  which  he  employs  is  concerned,  but 
merely  to  follow  the  example  which  he  has  selected ;  in 
other  words,  merely  to  cofy,  instead  of  designing. 

Each  leading  class  is  distinct  from  the  others,  yet  com- 
prises  many  varieties  or  species,  which,  however  much  they 
may  differ  with  respect  to  minor  considerations,  all  evi- 
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dently  belong  to  one  and  the  same  style,  which  we  call  Order. 
We  have  now  to  consider  their  constituent  parts,  that  is, 
those  which  apply  to  every  order  alike.  Hitherto  it  has 
been  usual  with  most  writers,  to  treat  of  an  Order  as  con 
sisting  of  three  principal  parts  or  divisions,  viz.,  pedestal, 
column,  and  entablature.  The  first  of  these,  however,  can 
not  by  any  means  be  regarded  as  an  integral  part  of  an 
Order.  So  far  from  being  an  essential,  it  is  only  an  acci 
dental  one, — one,  moreover,  of  Roman  invention,  and  appli 
cable  only  under  particular  circumstances.  The  pedestal 
no  more  belongs  to  an  Order  than  an  attic  or  podium  placed 
above  the  entablature.  In  the  idea  of  an  Order  we  do  not 
include  what  is  extraneous  to  the  Order  itself;  it  makes  no 
difference  whether  the  columns  stand  immediately  upon  the 
ground  or  floor,  or  are  raised  above  it.  They  almost  invari 
ably  are  so  raised,  because,  were  the  columns  to  stand  im 
mediately  upon  the  ground  or  a  mere  pavement,  the  effect 
would  be  comparatively  mean  and  unsatisfactory ;  the  edifice 
would  hardly  seem  to  stand  firmly,  and,  for  want  of  apparent 
footing,  would  look  as  if  it  had  sunk  in  the  ground,  or  the 
soil  had  accumulated  around  it.  With  the  view,  therefore, 
of  increasing  height  for  the  whole  structure,  and  otherwise 
enhancing  its  effect,  the  Grreeks  placed  their  temples  upon  a 
bold  substructure,  composed  of  grading  or  deep  steps,  or 
upon  some  sort  of  continuous  stylolate;  either  of  which  modes 
is  altogether  different  from,  and  affords  no  precedent  for,  the 
pedestal  of  modern  writers.  Essential  as  some  form  of  sty- 
lobate  is  to  the  edifice  itself,  it  does  not  properly  belong  to 
it,  any  more  than  that  equally  essential — in  fact,  more  indis 
pensable  part — the  roof. 

The  pedestal  being  discarded  as  something  apart  from  the 
Order  itself,  the  latter  is  reduced  to  the  two  grand  divisions 
of  COLUMN  and  ENTABLATURE,  each  of  which  is  subdivided  in 
to  three  distinct  parts  or  members,  viz.,  the  COLUMN,  into 
fiase,  shaft,  and  capital;  the  ENTABLATURE,  into  architrave, 
frw&>t  and  cornice;  so  that  the  latter  is  to  the  entablature 
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what  the  capital  is  to  the  column,  namely,  its  crowning  mem 
ber — that  which  completes  it  to  the  eye.  Yet,  although  tht 
above  divisions  of  column  and  entablature  hold  good  with  re 
gard  to  the  general  idea  of  an  order,  the  primitive  Greek  or 
Doric  one  does  not  answer  to  what  has  just  been  said,  inas 
much  as  it  has  no  base — that  is,  no  mouldings  which  distinctly 
mark  the  foot  of  the  column  as  a  separate  and  ornamented 
member.  Hence,  it  will,  perhaps,  be  thought  that  this  Order 
is  not  so  complete  as  the  others,  since  it  wants  that  member 
below  which  corresponds  with  the  capital  above.  Still,  the 
Grecian  Boric  is  complete  in  itself — it  needs  no  base:  in  fact, 
does  not  admit  of  such  addition,  without  forfeiting  much  of 
its  present  character,  and  thus  becoming  something  different. 
Were  there  a  distinct  base,  the  mouldings  composing  it  could 
not  very  well  exceed  what  is  now  the  lower  diameter  or  ae~ 
tual  foot  of  the  column ;  because,  were  it  to  do  so,  either  the 
base  would  become  too  bulky,  in  proportion  to  the  capital, 
or  the  latter  must  be  increased,  so  as  to  make  it  correspond  in 
size  with  the  enlarged  lower  extremity.  Even  then,  thai 
closeness  of  interwlummatiQn(spa.Guig  of  columns)  which  con 
tributes  so  much  to  the  majestic  solidity  that  characterizes 
the  genuine  Doric,  could  not  be  observed:  unless  the  columns 
were  put  considerably  further  apart,  the  bases  would  scarcely 
allow  sufficient  passage  between  them.  The  only  way  of 
escaping  from  these  objections  and  difficulties,  is  by  making 
the  shaft  of  the  column  considerably  more  slender;  so  that 
what  was  before  the  measure  of  the  lower  diameter  of  the 
shaft  itself,  becomes  that  of  the  base.  That  can  be  done — 
has  been  done — at  least  something  like  it;  but  the  result  is 
an  attenuated  Roman  or  Italian  Doric,  differing  altogether 
in  proportions  from  the  original  type,  or  order.  The  shaft 
no  longer  tapers  visibly  upwards,  or,  what  is  the  same  thing, 
expands  below. 

Before  we  come  to  speak  of  the  orders  severally  and  more 
IB  detail,  there  are  some  matters  which  require  to  be  noticed; 
one  of  which  is  the  origin  of  the  Greek  system  of  eoiumnation. 
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or  the  prototype  upon  which  it  was  modelled.  Following 
Vitruvius,  nearly  all  writers  have  agreed  to  recognize  in  the 
columnar  style  of  the  ancients  the  primitive  timber  hut,  as 
furnishing  the  first  hints  for,  and  rudiments  of,  it.  Such 
theory,  it  must  be  admitted,  is  sufficiently  plausible,  if  only 
because  it  can  account  very  cleverly  for  many  minor  circuit 
stances.  Unfortunately,  it  does  not  account  at  all  for,  or 
rather  is  in  strong  contradiction  to,  the  character  of  the 
earliest  extant  monuments  of  Greek  architecture.  Timber 
construction  would  have  led  to  very  different  proportions,  and 
different  tastes.  Had  the  prototype  or  model  been  of  that 
material,  slenderness  and  lightness,  rather  than  ponderosity 
and  solidity,  would  have  been  aimed  at;  and  the  progressive 
changes  in  the  character  of  the  Orders  would  have  been  re 
versed,  since  the  earliest  of  them  all  would  also  have  been  the 
lightest  of  them  all.  The  principles  of  stone  construction  have 
so  evidently  dictated  and  determined  the  forms  and  propor 
tions  of  the  original  Doric  style,  as  to  render  the  idea  of  its 
being  fashioned  upon  a  model  in  the  other  material  little 
better  than  an  absurd,  though  time-honored  fiction.  Infi 
nitely  more  probable  is  it,  that  the  Greeks  derived  their 
system  of  architecture  from  the  Egyptians  ;  because,  much 
as  it  differs  from  that  of  the  latter  people  with  regard  to 
taste  and  matters  of  ornamentation,  it  partakes  very  largely 
of  the  same  constitutional  character.  At  any  rate,  the  doc 
trine  of  the  timber  origin  applies  as  well  to  the  Egyptian  as 
to  the  Hellenic  or  Grecian  style.  Indeed,  if  there  be  any 
thing  at  all  that  favors  such  doctrine,  it  is,  that  construction 
with  blocks  of  stone  would  naturally  have  suggested  square 
pillars,  instead  of  round  ones;  the  latter  requiring  much 
greater  labor  and  skill  to  prepare  them  than  the  others. 
But,  as  their  pyramids  and  obelisks  sufficiently  testify,  the 
most  prodigal  expenditure  of  labor  was  not  at  all  regarded 
by  the  Egyptians.  That,  it  will  perhaps  be  said,  does  not 
account  for  the  adoption  of  the  circular  or  cylindrical  form 
for  columns.  We  have  therefore  to  look  for  some  sufficiently 
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probable  motive  for  the  adoption  of  that  form;  and  we  thin* 
we  find  it  IE  convenience.  In  order  to  afford  due  support 
to  the  massive  blocks  of  stones  placed  upon  them,  the 
columns  were  not  only  very  bulky  In  proportion  to  their 
length,  but  were  placed  so  closely  together,  not  only  In  the 
fronts  of  porticos,  but  also  within  them,  that  they  would 
scarcely  hjxvf*  left  any  open  space.  Such  inconvenience  wa? 
accordingly  remedied  by  making  the  pillars  round  Instead  of 
square.  Should  such  conjectural  reason  for  the  adoption  of 
circular  columns  be  rejected,  it  Is  left  to  others  to  propound 
a  more  satisfactory  one,  or  to  abide,  as  many  probably  will 
do,  by  the  old  notion  of  columns  being  so  shaped  in  order  to 
imitate  the  stems  of  trees.  It  Is  enough  that  whatever 
accounts  for  the  columns  being  round  In  Egyptian  architec 
ture,  accounts  also  for  their  being  the  same  in  that  of  the 
Greeks. 

Among  other  fanciful  notions  entertained  with  regard  to 
columns  and  their  proportions,  Is  that  of  the  different  orders 
of  columns  being  proportioned  In  accordance  with  the  human 
figure.  Thus  the  Doric  Is  said  to  represent  a  robust  male 
figure,  and  those  of  the  Ionic  and  Corinthian,  female  ones, 
— the  Ionic,  a  matron;  the  Corinthian,  a  less  portly  speci 
men  of  feniinality.  Xow,  so  far  from  there  being  any  gen 
eral  similitude  between  a  Grecian  Doric  column  and  a  ro 
bust  man,  their  proportions  are  directly  opposite, — the 
greater  diameter  of  the  column  being  at  its  foot,  while  that 
of  the  man  Is  at  Ms  shoulders.  The  one  tapers  upwards,  the 
other  dc/icnwards.  If  the  human  figure  and  Its  proportions 
had  been  consldered?  columns  would,  In  conformity  with  such 
type,  have  been  wider  at  the  top  of  their  shafts  than  below, 
and  would  have  assumed  the  shape  of  a  terminus  of  a  mummy 
chesj.  With  regard  to  the  other  orders  mentioned,  it  is 
sufficient  to  observe,  that  If  so  borrowed  at  all,  the  idea 
must  have  been  preposterous.  We  happen  to  have  a  well 
known  example  of  statues  or  human  figures,  and  those,  more 
over,  female  ones,  being  substituted  for  columns  beneath  an 
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entablature;  and  so  far  are  they  from  confirming  the  pre 
tended  analogy  between  the  lonie  column  and  the  propor 
tions  of  a  female,  that  they  decidedly  contradict  it,  those 
figures  being  greatly  bulkier  in  their  general  mass  than  the 
bulkiest  and  stoutest  columns  of  the  Doric  Order.  At  any 
rate,  one  hypothesis  might  satisfy  those  who  will  not  be  sat 
isfied  without  some  fancy  of  the  kind,  because  two  together 
do  not  agree;  if  columns  originated  in  the  imitation  of  stems 
of  trees,  we  can  dispense  with  the  imitation  of  men  and  women, 
and  wee  versa. 

Some  may  think  it  scarcely  worth  while  to  notice  such 
fancies,  yet  they  are  a  part  of  architecture  as  generally  taught 
and  usually  understood,  at  least,  in  this  country. 

We  do  not  pretend  to  explain  and  trace,  step  by  step,  the 
progress  of  the  Doric  Order,  and  of  the  column  or  system  of 
the  Greeks,  from  their  first  rudiments  and  formation.  We 
have  only  the  results  of  such  progressive  formation  or  devel- 
opement;  of  the  actual  formation  itself  we  neither  know  nor 
can  we  know  anything.  The  utmost  that  can  now  be  done 
is  to  take  the  results  themselves,  and  from  them  reason  back 
wards  to  causes  and  motives.  Adopting  such  a  course,  we 
may  first  observe,  that  there  is  a  very  striking  and  charac 
teristic  difference  between  Egyptian  and  Grecian  taste  and 
practice  in  one  respect:  in  the  former  style  the  columns  are 
invariably  cylindrical,  or  nearly  so, — in  the  other  they  are 
conical,  that  is,  taper  upwards,  and  in  some  instances  so  much 
so,  that  were  they  prolonged  to  double  their  height,  they 
would  be  almost  perfect  cones,  and  terminate  like  a  spire. 
This  tapering  greatly  exceeds  that  of  the  stems  of  trees, 
taking  from  their  stem  the  trunk,  from  above  which  the 
branches  begin  to  shoot  out.  It  appears  to  have  been  adopted 
for  purely  artistic  reasons,  certainly  not  for  the  sake  of  any 
positive  advantage,  since  the  diminution  of  the  shaft,  and  the 
great  contraction  of  the  diameter  just  below  the  capital, 
must;  rather  decrease  than  at  all  add  to  the  strength  of  the 
column. 
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What  then  are  the  artistic  qualities  so  obtained  ?  "We 
rf^ply, — variety  and  contrast  and  the  expression  of  strength 
without  offensive  heaviness.  The  sudden  or  very  perceptible 
diminution  of  the  shaft, — it  must  be  borne  in  mind  that  our 
remarks  refer  exclusively  to  the  original  Greek  Style  or 
Doric  Order, — produces  a  double  effect  ;  it  gives  the  column 
an  expression  of  greater  stability  than  it  otherwise  would, 
combined  with  comparative  lightness.  What  is  diminution 
upwards,  is  erpanswn  downwards  ;  and  similar  difference 
and  contrast  take  place  with  respect  to  the  intereolumns, 
although  in  a  reverse  manner,  such  intercolumns  being  wider 
at  top  than  at  bottom.  So  far  the  principle  of  contrast  here 
may  be  said  to  be  two-fold,  although  one  of  the  two  sorts 
of  contrast  inevitably  results  from  the  other.  Were  it  not 
for  the  great  diminution  of  the  shaft,  the  columns  would 
appear  to  be  too  closely  put  together,  and  the  intercolumns 
much  too  narrow — that  is,  according  at  least,  to  the  mode  of 
intercolumniatioE  practised  by  the  Greeks  in  most  of  thsir 
structures  in  the  Doric  Style  ;  whereas  such  offensive  appear 
ance  was  avoided  by  the  shaft  being  made  considerably 
smaller  at  the  top  than  at  the  bottom,-  consequently  the 
intercolumns  wider  above  than  below,  in  the  same  ratio  ;  so 
that  columns  which  at  their  bases  were  little  more  than  one 
diameter  apart,  became  more  than  two — that  is,  two  npper 
diameters  apart  at  the  top  of  their  shafts,  or  the  neckings 
of  their  capitals.  In  this  style  everything  was  calculated  to 
produce  a  character  of  majestic  simplicity, — varying,  how 
ever,  or  rather  progressing^  from  heaviness  and  stem  severity 
to  comparative  lightness  of  proportions, — for  examples  diffei 
greatly  in  this  respect :  in  some  of  the  earlier  ones  the 
columns  are  not  more  than  four  diameters  in  height,  while  in 
some  of  the  later  they  are  upwards  of  six,  which  last  men 
tioned  proportions  not  only  amount  to  slendemess,  but  also 
destroy  others.  The  capital  itself  may  be  proportioned  the 
same  as  before  relatively  to  the  diameter  of  the  column,  but 
it  cannot  possibly  bear  the  same  ratio  as  before  to  its  height 
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The  average  proportions  for  that  member  are  one  diameter 
for  its  width  at  its  abacus,  and  half  a  diameter  for  its  depth  • 
consequently,  if  the  entire  column  be  only  four  diameters  ii* 
height,  the  capital  is  one-eighth  of  it,  or  equal  to  one-seventh 
of  the  shaft ;  whereas,  if  the  column  be  six  or  more  diame 
ters,  the  capital  becomes  only  one-twelfth  of  the  column,  or 
even  less,  so  that  the  latter  appears  thin  and  attenuated,  and 
the  other  member  too  small  and  insignificant.  Yet  though 
the  original  Greek  Order  or  style  exhibits  considerable  diver 
sity  with  respect  to  mere  proportions,  it  was  otherwise  very 
limited  in  its  powers  of  expression,  and  moreover  something 
quite  distinct  from  the  nominal  Doric  of  the  Romans  and 
Italians,  as  will  be  evident  when  we  compare  the  latter  with  it 
Before  we  enter  upon  this  part  of  our  subject,  and  pre 
vious  to  an  examination  of  the  details  of  the  several  orders, 
it  should  be  observed  that  the  diameter,  that  is  the  lower 
diameter  of  the  column,  is  the  standard  by  which  all  the 
other  parts  and  members  of  an  order  are  measured.  The 
diameter  is  divided  into  60  minutes,  or  into  two  halves  or 
modules  of  30  minutes  each  ;  and  those  minutes  are  agaiii 
subdivided  into  parts  or  seconds  when  extreme  accuracy  of 
measurement  is  required  ;  which  two  last  are  noticed  :  4' 
10 »,  for  instance,  meaning  four  minutes  and  ten  seconds. 
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DORIC    OKDEK. 

It  has  been  already 
observed,  that  in  the 
genuine  Doric  the  col 
umn  consists  of  one  shaft 
and  capital,  which  latter 
is  composed  of  merely 
an  echinus  and  abacus fthQ 
first  being  a  circular  con 
vex  moulding,  spreading 
out  beneath  the  other 
member,  which,  although 
a  very  important  one,  is 
no  more  than  a  plain 
and  shallow  square  block 
upon  which  the  archi 
trave  rests,  not  only  firm 
ly  and  safely,  but  so  that 
the  utmost  expression  of 
security  is  obtained,  and 
pronounced  emphatically 
to  the  eye.  Such  expres 
sion  arises  from  the  aba 
cus  being  larger  than  the 
soffit ,  or  under  surface  of 
the  architrave  itself ; 
and  as  the  former  corres 
ponds,  or  nearly  so,  with 
the  lower  diameter  of 
the  shaft,  it  serves  to 
make  evident  at  a  glance 
that  the  foot  of  the  col 
umn  is  greater  than  the 
soffit  of  the  architrave 
placed  upon  the  columns. 


Sbzfi 


Thus,  as  measured  at  elttier  extremity,  the  column  la 
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greater  than  the  depth  or  thickness  of  the  architrave, 
and  projects  beyond  the  architrave  and  general  plane  of  the 
entablatuure.  Kow  this  would  produce  a  most  unsightly  effect 
were  the  columns  of  the  same  or  nearly  the  same  diameter 
throughout.  In  such  case  they  would  appear  not  only  toe 
large,  but  most  clumsily  so,  and  the  entablature  would  have 
the  look  of  being  set  back  in  the  ;nost  awkward  and  most 
unaccountable  manner.  Instead  of  which,  the  architrave, 
and  consequently  the  general  plane  of  the  whole  entablature, 
actually  overhangs  the  upper  part  of  the  whole  shaft,  in  a 
plane  about  midway  between  the  smallest  diameter  of  the 
column,  just  below  the  capital  and  the  face  of  the  abacus. 
Even  this,  the  overhanging  of  the  entablature,  would  be  not 
a  little  offensive  to  the  eye,  were  the  abacus  no  larger  than 
the  architrave  is  deep;  whereas,  being  larger,  it  projects 
forward  farther  than  the  face  of  the  architrave,  thereby  pro 
ducing  a  powerful  degree  of  one  species  of  artistic  effect, 
namely,  contrast, — and  if  contrast,  of  variety  also;  for 
though  there  may  be  variety  without  contrast,  there  cannot 
be  contrast  without  variety.  Another  circumstance  to  be 
considered  is,  that  were  not  such  projection  beyond  the  face 
of  the  architrave  given  to  the  abacus,  that  and  the  rest  of 
the  capital  could  not  correspond  with  the  foot  of  the  shaft, 
and  thus  equalize  the  two  extremities  of  the  entire  column. 
As  now  managed,  all  contradictions  are  reconciled,  and  the 
different  sorts  of  contrast  are  made  to  contribute  to  and 
greatly  enhance  general  harmony.  In  the  outline  of  the 
column  we  perceive,  first  contraction, — then  expansion,  and 
that  in  both  directions, — for  in  like  manner  as  the  column 
diminishes  upwards  and  the  capital  expands  from  it,  its 
shaft  may  be  said  to  expand  and  increase  in  bulk  down 
wards,  so  as  to  agree  with  the  abacus  or  upper  extremity. 

The  Doric  column  was  generally  fluted — that  is,  cut  into  a 
series  of  ridges  upon  its  surfaces.  The  generally-received 
theory  is,  that  this  fluting  represents  cracks  or  crevices  in 
the  stems  of  trees,  or  from  the  streaking  of  rain  on  the  shafts 


OF    ARCHITECTURE.  17 

of  columns.  It  is  mraeeessar  j  to  discuss  the  truth  or  falsity 
of  that  theory.  It  -is  sufficient  that  there  are  good  artistic 
reasons  why  It  should  be  so:  with  the  same,  or  very  nearly 
the  same  solidity  as  before.  It  causes  the  columns  to  appear 
much  less  heavy  than  it  otherwise  would  do,  and  contributes 
to  a  pleasing  diversity  of  light  and  shade.  Being  npon  a 
curved  surface,  the  channels  serve  to  render  the  circularity 
of  the  columns  more  apparent,  since,  though  they  are  all 
of  the  same  width,  they  show  narrower  and  narrower  to  the 
eye  on  each  side  of  the  centre  one,  no  matter  In  what  direc 
tion  the  column  is  viewed.  Here,  then,  we  have  variety, 
combined  with  uniformity,  and  "a  certain  apparent  or  optical 
irregularity,  with  what  we  know  to  be  perfect  regularity. 

In  the  Doric  Order  the  number  of  channels  is  either  sixteen 
or  twenty,  afterwards  increased  In  the  other  Orders  to  twenty- 
four,  for  they  are  Invariably  of  an  even  number,  capable  of 
being  divided  by  four,  so  that  there  shall  always  be  a  centre 
flute  on  each  side  of  the  column,  that  Is,  in  a  line  with  the 
middle  of  each  side  of  the  abacus.  Doric  flutings  are  much 
broader  and  shallower  than  those  of  the  other  Orders,  The 
mode  of  fluting  Doric  columns  with  mere  arrises  between  the 
channels,  instead  of  fillets,  has  been  retained  by  the  moderns, 
as  characteristic  of  the  order.  On  the  original  Doric,  almost 
every  part  Is  marked  by  breadth,  or  by  flatness,  or  by  sharp 
ness.  There  are  no  curved  mouldings  or  surfaces,  except  the 
cymatium  of  the  cornice  or  the  echinus  of  the  capital,  which 
last  is  generally  kept  exceedingly  flat.  All  of  the  parts  are  in 
perfect  keeping  with  the  style.  The  horizontal,  annular,  nar 
row  channels,  or  incisions  beneath  the  echinus  of  the  capital,  are 
probably  merely  for  the  sake  of  effect — of  producing  shadow, 
and  increasing  the  proportions  of  the  capital,  to  which  they 
seem  to  belong.  The  lowermost  groove  may  give  the  capi 
tal  the  appearance  of  being  a  separate  piece,  merely  joined 
on  to  the  shaft,  without  such  joining  being  concealed.  It 
marks  the  commencement  of  the  capital,  the  portion  above  it 
of  the  shaft  being  thereby  converted  Mo  the  hypctracMivm 
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or  necking  of  the  capital  itself,  which  is  thus  enlarged  in 
appearance,  without  having  actually  increased,  and  ren 
dered  unduly  heavy.  In  some  examples  of  the  order,  this 
groove  is  a  mere  line,  and  in  others  it  is  omitted  altogether. 
The  office  of  the  echinus,  by  expanding  out,  to  connect  the 
diminished  upper  end  of  the  column  with  the  overhanging 
abacus,  and  the  former  being  circular,  and  the  latter  square, 
hut  adapted  to  each  other  in  size,  a  beautiful  combination  is 
produced  of  a  circle  inscribed  within  a  square;  and  the  result 
is  variety,  contrast,  and  harmony.  In  its  profile,  or  section, 
by  which  latter  term  is  understood  the  contour  of  any  mould 
ing,  or  other  member,  it  is  usually  very  flat — little  more  than 
a  portion  of  a  cone  (turned  downwards),  with  scarcely  any 
perceptible  degree  of  convexity,  except  just  beneath  the  aba 
cus,  where  it  is  suddenly  rounded  and  diminished,  so  that  the 
abacus  does  not  seem  to  press  upon  or  compress  it  too  much. 
The  epistylium,  or  architrave,  is  the  first  or  lowest  division 
of  the  entablature.  It  is  no  more  than  a  plain  surface, 
whose  standard  height,  including  the  tcema,  or  fillet,  which 
finishes  it,  and  separates  it  from  the  frieze,  is  equal  to  the 
upper  diameter  of  the  column.  The  middle  division  of  the 
entablature  is  the  frieze,  which  is  a  very  characteristic  feature 
of  this  Order,  being  invariably  distinguished  by  its  tryglyphs 
and  metopes.  The  triglyphs  are  upright  channelled  blocks, 
affixed  to,  or  projecting  from,  the  frieze,  and  are  supposed  to 
have  been  originally  intended  to  represent  the  ends  of  inner 
beams,  laid  upon  the  architrave  transversely.  The  metopes, 
on  the  contrary,  are  not  architectural  members,  but  merely 
the  intervals  or  spaces  between  the  triglyphs;  so  that,  with 
out  the  latter,  there  could  not  be  the  others,  because  it  is 
triglyphs  which  produce  the  metopes.  With  slight  varia 
tions  in  different  examples,  the  frieze  is  about  the  same 
height  as  the  architrave — a  trifle  less,  rather  than  more; 
and  the  average  proportion  for  the  breadth  of  the  triglyphs 
is  the  mean  diameter  of  the  column,  or  that  taken  midway 
of  the  shaft  The  face  of  the  triglyph  has  two  glyphs,  01 
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channels,  carved  upon  it,  and  its  edges  beveled  off  into  a 
half  channel,  thus  making  what  is  equal  to  a  third  glyph — 
whence  the  name  triglyph,  or  three-channelled.  The  fillet  and 
gnttse  attached  to  the  tsenia  of  the  architrave  immediately 
beneath  each  triglyph,  and  corresponding  with  it  in  width, 
belongs  to  the  triglyph,  although  it  shows  itself  upon  the 
architrave.  These  small  conical  guttse,  or  drops,  are  sup 
posed  by  some  to  represent  drops  of  rain  that  have  trickled 
down  the  channels  of  the  triglyph,  and  settled  beneath  the 
ledge  of  the  architrave.  Others  suppose  them  to  have  been 
intended  to  indicate  the  heads  of  nails,  screws,  or  studs. 
The  artistic  intention  woold  seem  to  be  to  impart  somewhat 
of  decoration  to  the  architrave,  to  break  the  monotony  of  the 
otherwise  uninternipted  line  of  the  tsenia,  and  to  connect  to 
the  eye,  at  least,  the  architrave  and  frieze  together.  The 
architrave  thus  exhibits,  in  a  fainter  degree,  the  same  system 
of  placing  ornamental  members  at  regular  distances  from 
each  other,  as  is  so  energetically  pronounced  in  the  frieze 
itself. 

One  triglyph  is  placed  over  every  column,  and  one  or 
more  intermediately  over  every  inter-column  (or  space  be 
tween  two  columns),  at  such  distance  from  each  other,  that 
the  metopes  are  square;  in  other  words,  the  height  of  the 
triglyph  is  the  measure  for  the  distance  between  it  and  the 
next  one.  In  the  best  Greek  examples  of  the  Order,  there 
is  only  a  single  triglyph  over  each  inter-column,  which  is  the 
closest  of  all,  the  distance  from  axis  to  axis  of  the  columns 
being  limited  to  the  space  occupied  above  by  two  metopes 
and  two  triglyphs,  i.  e.,  one  whole  try-glyph  and  two  halves 
of  triglyphs.  The  width  of  the  inter-columns  cannot  be  at 
all  less  than  the  proportion  above  mentioned;  neither  can  it- 
be  increased  without  a  second  tryglyph — and  if  a  second  tri 
glyph,  a  second  metope  also,  over  each  inter-column  thus 
augmenting  the  distance  between  the  columns  half  as  much 
again,  wMch.  becomes,  perhaps  too  much,  the  difference 
between  that  and  the  other  modes,  being  eonsiderabl y  more 
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than  the  diameter  of  the  column;  whereas,  in  the  other 
Orders,  the  inter-columns  may  be  made,  at  pleasure,  ej&er 
a  little  wider  or  narrower  than  usual.  The  end  triglyphs 
of  the  Grecian  Doric  are  placed  quite  up  to  the  edge,  or 
outer  angle  of  the  frieze. 

The  Doric  CORNICE  is  the  last  division  of  the  entablature. 
It  is  a,bout  a  third  or  even  more  than  a  third  less  than  the 
others,  and  may  itself  be  divided  into  three  principal  parts 
or  members,  viz.,  the  corona,  with  the  mutules  and  other  Ud 
vwiddings  beneath  it,  and  the  qntithtfas  above  it,  The  mu- 
tales  are  thin  plates  or  shallow  blocks  attached  to  the  under 
side  or  soffit  of  the  corona,  over  each  triglyph  and  each  me 
tope,  with  the  former  of  which  they  correspond  in  breadth, 
and  their  soffits  or  under-surfaces  are  wrought  with  three 
rows  of  gwttae  or  drops,  conical  or  otherwise  shaped,  each 
row  consisting  of  six  gutiae,  or  the  same  number  as  those 
beneath  each  triglyph.  Nothing  can  be  more  artistically 
disposed;  in  like  manner,  as  an  intermediate  triglyph  is  placed 
over  every  two  columns,  so  is  an  intermediate  mutale  over 
every  two  triglyphs.  The  smaller  members  increase  in  num 
ber  as  they  decrease  in  size;  and  in  the  upper  and  finishing 
part  of  the  Order,  the  eye  is  led  on  horizontally,  instead  of 
being  confined  vertically  to  the  lines  indicated  by  the  columns 
below.  The  corona  is  merely  a  boldly  projecting  flat  mem 
ber,  not  greatly  exceeding  in  its  depth  the  abacus  of  the 
capital;  and  in  some  examples  it  is  even  less.  The  epitithe- 
tas,  or  uppermost  member  of  the  cornice,  is  sometimes  a 
cymatium,  or  wavy  mouldering,  convex  below  and  concave 
above;  sometimes  an  echinus  mouldering,  similar  in  profile 
to  the  echinus  of  the  capital.  The  cornice  may  be  said  to 
be  to  the  entablature,  and  indeed  to  the  whole  Order,  what 
the  capital  is  to  the  column, — completing  and  concluding  it 
in  a  very  artistic  manner.  By  its  projection  and  the  shadow 
which  it  casts,  the  cornice  gives  great  spirit  and  relief  to  the 
entablature,  which  would  else  appear  both  heavy  and  unfin 
ished.  In  the  horizontal  cornice  beneath  a  pediment,  the 
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epitithetas  is  omitted,  and  shows  itself  only  in  the  sloping, 
or  racking  cornices,  as  they  are  called,  along  the  sides  of  the 
pediment. 

Anta. — Pilasters,  as  well  as  columns,  belong  to  an  Order, 
and  in  modern  practice  are  frequently  substituted  indiffer 
ently  for  columns,  where  the  latter  would  be  engaged  or  at 
tached  to  a  wall.  In  Grecian  architecture,  however,  the 
ant®, — as  they  are  thus  termed,  to  distinguish  them  from 
other  pilasters, — are  never  employed.  They  are  never  placed 
consecutively,  or  in  any  series,  but  merely  as  a  facing  at  the 
end  of  a  projecting  wall,  as  where  a  portico  is  enclosed  at 
each  end  by  the  walls  forming  the  sides  of  the  structure,  in 
which  case  it  is  described  as  a  portico  in  antis.  Although 
they  accompany  columns,  and  in  the  case  just  mentioned, 
range  in  the  same  line  with  them,  antee  differ  from  them  in 
asmuch  as  their  shafts  are  not  diminished;  for  which  reason 
their  faces  are  not  made  so  wide  as  the  diameter  of  the  col 
umns,  neither  are  their  capitals  treated  in  the  same  manner, 
and  both  shaft  and  capital  would  be  exceedingly  clumsy. 
The  expanding  echinus  of  the  column  capital  is  therefore 
suppressed,  and  one  or  more  very  sightly  projecting  fad&, 
the  uppermost  of  which  is  frequently  hollowed  out  below,  so 
as  to  form  in  section  what  is  called  the  "bird's  nest"  mould* 

ing.     In  a  portico  in  antis  the  want  of  \_ 

greater  congruity  between  the  antse  and 
the  columns  is  made  up  for  by  various  con 
trasts.  Flatness  of  surface  is  opposed  to  ro 
tundity,  vertical  lines  to  inclined  ones  (those 
of  the  outline  and  flutings,  of  the  column) 
and  uniformity,  in  regard  to  light,  to  the  1 

mingled  play  of  light  and  shade  on  the  shafts  of  the  columns 

The  Greeks  never  channelled  the  faces  of  their  ant&, 
whereas  the  moderns  flute  their  pilasters  as  well  as  columns. 
The  artistic  reason  for  such,  a  distinction  would  seem  to  have 
been  to  prevent  harshnesss  and  dryness  of  effect — all  the 
lines  being  parallel  to  each  other,  while  in  the  columns  all 
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the  lines  approach  each  other  towards,  the  top  and  would 
meet;  if  the  column  were  extended  far  enough. 

PEDIMENT. — The  pediment  may  properly  be  considered  as 
no  part  of  the  Order,  but  it  serves  to  illustrate  how  a  figure 
which,  considered  merely  in  itself,  is  generally  regarded  as 
neither  beautiful  nor  applicable  to  architectural  purposes, 
may  be  rendered  eminently  beautiful  and  satisfactory  to  the 
eye.  The  pediment  must,  when  it  does  appear,  be  in  accord 
ance  with  the  order  itself,  or  that  front  of  the  building  which 
is  beneath  the  pediment ;  consequently  the  pitch  of  the  latter 
must  be  regarded  by  circumstances, — must  be  either  greater 
or  less  according  to  the  proportions  of  the  front  itself.  So 
far  from  being  increased  in  the  same  ratio,  the  wider  the 
front, — the  greater  the  number  of  columns  at  the  end  of  the 
building, — the  lower  must  the  pediment  be  kept,  because  the 
front  itself  becomes  of  low  proportions  in  the  same  degree  as 
it  is  extended  or  widened.  Under  all  circumstances,  the 
height  of  the  pediment  must  remain  pretty  nearly  the  same, 
and  be  determined,  not  by  width  or  horizontal  extent,  but 
by  the  height  of  what  is  beneath  it.  The  height  of  the 
pediment  or  its  tympanum  (the  triangular  surface  included 
between  the  horizontal  cornice  of  the  Order,  and  the  two 
racking  cornices  of  the  pediment)  never  greatly  exceeds  the 
depth  or  height  of  the  entablature  ;  for  were  it  to  do  so,  the 
pediment  would  become  too  large  and  heavy,  would  take  off 
from  the  importance  of  the  Order,  and  appear  to  load  its 
entablature  with  an  extraneous  mass  which  it  was  never  cal 
culated  to  bear.  It  was  a  very  usual  practice  among  the 
ancients  to  fill  the  whole  of  the  tympanum  of  the  pediment 
with  sculpture,  and  also  the  metopes  of  the  frieze,  by  which 
the  latter  instead  of  being  mere  blank  spaces  between  the 
triglyphs,  were  converted  into  ornamental  features. 

MODERN  DORIC. 

The  Modern  Doric  resembles  the  original  one  in  the  mode 
of  fluting  the  arrises  instead  of  fillet — the  general  form  of 
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capital  composed  of  eehlnns  and  abacas,  and  the  trlglyphs 
upon  the  frieze.  The  differences  are  :  the  column  is  increased 
from  six  to  eight  diameters.  The  sunk  annulets  beneath  the 
capital  were  omitted  or  converted  into  fillets ;  the  capital 
was  increased  in  depth  by  a  distinct  necking  being  given  to 
it,  divided  from  the  shaft  by  a  projecting  moulding,  which  in 
that  situation  Is  called  an  astragal.  The  greatest  change  is 
the  addition  of  a  base  to  the  column.  The  base  best  adapted ' 
to  the  Order,  as  being  the  most  simple,  though  not  uni 
formly  made  use  of,  is  that  which  consists  merely  of  a  torus} 
or  large  circular  and  convex-sided  block,  and  two  shallow 
fillets  above  it.  It  may  here  further  be  noticed,  that  beside 
the  base  Itself,  or  the  base  proper,  the  moderns  have,  for  all 
the  Orders  alike,  adapted  an  additional  member,  namely, 
a  rather  deep  and  square  block,  which,  when  so  applied,  is 
termed  a  plinth  ;  and  beneath  this  is  frequently  placed  another 
and  deeper  one  called  a  sub-plinth. 

Though  greatly  altered,  not  to  say  corrupted,  from  its 
primitive  character,  the  Doric  Order,  as  treated  by  the 
moderns,  has  been  assimilated  to  the  other  Orders, — so  much 
so  as,  though  still  differing  from  them  in  details,  to  belong 
to  the  same  general  style.  One  advantage,  if  no  other,  of 
which  is,  that  it  may,  should  occasion  require,  be  used  along 
with  the  other  Orders ;  whereas  the  original  Doric  is  so  ob 
stinately  inflexible  that  it  cannot  be  made  to  combine  witb 
anything  else,  or  to  bend  to  modern  purposes. 
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TUSCAN  OBDER. 

Cavetto. 

TMs  Order  is  derived  °° 
from  the  Doric.  No  au 
thentic  examples  of  it  exist;  it 
is  known  only  from  what  Vi- 
truvius  says  of  it,  following 
whose  account,  modern  archi 
tects  have  endeavored,  not 
fruitlessly,  to  make  some  thing 
out  of  it.  The  shafts  are  not 
fluted  and  the  frieze  is  quite 
plain.  The  Tuscan  Order  has 
been  differently  treated  by  dif 
ferent  Architects,  some  of  them 
having  given  it  what  is  merely 
a  modification  of  the  Doric  cor 
nice,  without  its  mutales.  One 
thing  which  the  moderns  have 
done,  both  in  their  Doric  and 
their  Tuscan,  is  to  assimilate 
pilasters  to  columns,  giving  to 
the  former  precisely  the  same 
bases  and  capitals  as  the  others 
have,  and  also  generally  dimin 
ishing  their  shafts  in  the  same 
manner.  The  proportions  usu 
ally  adopted  for  this  order  are 
as  follows: — the  height  of  the 
column  seven  diameters;  that 
is,  considering  the  order  as  a 
kind  of  Doric,  fourteen  modu 
les;  and  the  entablature,  three 
modules  and  a  half.  The  entab 
lature  may  then  be  divided 
into  tea  equal  parts,  three  of  which  are  to  be  appropriated 


).  N 
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for  the  height  of  the  architrave,  three  for  the  frieze,  and 

the  remaining  four  for  the  cornice.  The-  capital  of  the  co 
lumn  has  the  height  of  one  module,  and  the  base  has  the 
same;  so  that  the  height  of  the  shaft,  including  the  ring 
or  fillet,  which  separates  the  shaft  and  capital,  must  be 

twelve  modules. 
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Necking 


IONIC  ORDER  Echinus 

Corona  [V 

The  capital  is  the  indical 
mark  of  the  Order, — that  by 
which  the  eye  immediately  re 
cognizes  and  distinguishes  it. 
The  entire  column  is  of  quite 
a  different  character  from  the 
Doric.     Besides  having  the 
addition  of  a  base,  the  shaft  is 
of  more  slender  or  taller  pro- 
proportions,    and    consequent 
ly    much    less    visibly  taper 
ing  ;  for  if  it  diminishes  in  the 
same  degree  as  the  Doric  shaft 
doeSj — the  Ionic  being  about 
two    diameters     longer, — the 
upper    one    would,  in    conse 
quence  of  such  tapering,  be 
come  too  small  ;  and  a  farther 
consequence  would  be  that  the 
foot  and  base  of  the  column 
would  appear  too  large, — per 
haps  clumsily  so.     It  must  be 
allowed  that  the  swelling  eon- 
tours  of  the  base  are  admirably 
in    keeping,    and    harmonize 
with  the  play  of  curves  in  the 
volutes  much  better  than  it 
would  were  the  shaft  to  stand 
immediately  upon  the  floor  or 
pavement  without  any  base,  as 
in  the  Doric  Order. 

Concerning  the  origin  and 
progress  of  the  development  of 
this  order  to  perfection,  our 
present  limits  will  not  permit  ns  to  speak.  The  number  of 
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fillets  Is  twenty-four.   The  Ionic  capital  is  far  more  irregular 
and  complex  than  that  of  the  Doric. 

Instead  of  showing,  like  the  other,  fonr  equal  sides, 
it  exhibits  two  faces  or  fronts  parallel  to  the  architrave 
above  it,  and  two  narrower  balwster  sides,  as  they  are 
termed,  beneath  the  architrave.  Some  consider  this 
irregularity  a  defect,  which,  if  such  it  be,  is  to  be  got  over 
only  by  either  turning  the  volutes  diagonally,  as  in  some 
Roman  and  modern  examples,  or  by  curving  concavely  the 
faces  of  the  capital,  instead  of  making  them  planes,  so  as  to 
obtain  four  equal  faces  or  sides,  as  is  done  in  tbe  capitals  of 
the  inner  Order  of  the  Temple  of  Apollo  at  Bassae.  At 
least  that  method  and  the  other  one  of  turning  the  volutes 
diagonally,  are  the  only  methods  that  have  been  practised 
for  giving  perfect  regularity  to  the  Ionic  capital  by  means  of 
four  equal  faces  ;  for,  though  difficult,  it  is  possible  to 
accomplish  the  same  purpose  differently,  by  making  the  aba 
cus  quite  square,  as  in  the  Boric  Order,  and  letting  the 
volutes  grow  out  of  it  on  each  side  or  face,  their  curvature 
commencing  not  at  the  upper  horizontal  edge,  but  descend 
ing  from  the  vertical  edges  of  the  abacus.  The  capitals 
could  not  be  square  without  appearing  of  excessive  bulk, 
and  out  of  proportion  with  the  other  parts,  and  inconsistent 
with  the  delicacy  aimed  at  in  all  respects.  This  arises  from 
the  great  extent  of  the  two  fiat  voluted  faces.  It  is  objected 
against  the  Ionic  capital  that  in  the  end  columns  of  a  portico 
the  form  occasioned  obvious,  if  not  offensive  irregularity, 
because  on  the  return  side  of  the  building  the  baluster  side 
showed  itself  beneath  the  face  of  the  architrave:  yet  even 
this  was  of  little  consequence  if  there  was  merely  a  single 
row  of  columns  in  front;  but  where  the  colonnade  was  con 
tinued  along  the  Hanks  of  the  building  also,  a  very  unsightly 
sort  of  irregularity  was  produced;  for  while  all  the  other 
columns  on  those  flanks  showed  the  faces  of  their  capitals, 
the  end  one  would  show  its  baluster  side.  To  obviate  this 
objection  the  volute  was  placed  at  the  angle,  diagonally, 
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so  as  to  obtain  these  two  voluted  surfaces  placed  immediately 
back  to  back.  In  the  British  Museum  and  some  other 
modern  edifices  this  objection  is  attempted  to  be  obviated  by- 
arranging  the  corner  volutes  as  shown  in  Pigs.  4  and  5,  in 
which/  indicates  the  face  or  voluted  side  ^i  ^ 

of  the  capital,  and  &  the  baluster  side.  In  /M*  *)[* 
an  external  angle,  or  the  return  of  a  por-  5 
tico,  the  faces  and  sides  are  arranged  thus, 
so  that  1 1 1  b  come  opposite  each  other; 
but  in  an  internal  or  re-entering  angle, 
the  reverse  takes  place  ;  for  we  have  then 
this  disposition  of  the  faces  and  sides  of  the  capitals,  in 
which  a  voluted  face  comes  opposite  to  the  baluster  side  of 
the  next  capital, — a  most  unsightly  irregularity,  and  an 
objection  that  would  be  far  better  got  over  J-?  r 
by  making  the  column  [a]  into  a  square  J^--^ 
pillar,  which  would  besides  give  strength, 
or  the  expression  of  it,  where  such  expres- 
sion  is  very  desirable.  The  capital  some 
times  has  and  sometimes  has  not  a  necking 
to  it,  which  may  be  either  plain  or  decorated.  The  capital 
is  capable  of  infinite  modifications  in  its  proportion  to  the 
column,  and  as  regards  the  size  of  the  volutes  compared 
with  the  width  of  the  face.  In  the  best  Greek  examples 
the  volutes  are  much  bolder  and  larger  than  in  those  of  the 
Roman  and  Italian,  in  some  of  which  they  are  so  greatly 
reduced  in  size,  and  become  consequently  so  far  apart  from 
each  other,  as  to  be  insignificant  in  themselves,  and  give  the 
whole  capital  an  expression  of  meanness  and  meagreness. 
The  spirals  forming  the  volute  supply  another  source  of 
variety,  since  they  may  be  either  single  or  manifold.  In 
what  is  called  the  Ilissus  Ionic  capital  there  is  only  a  single 
spiral,  or  hem,  whose  revolutions  form  the  volute,  which 
mode,  indeed,  prevails  in  all  the  Roman  and  modern  Ionics; 
but  in  the  capitals  of  the  Temple  of  Erecthus,  at  Athens, 
there  are,  besides  that  principal  spiral,  either  intermediate 
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ones  which  follow  the  course  of  its  revolutions.  Again,  the 
catfatuSj  or  eye  of  the  volute,  where  the  spiral  or  spirals  ter 
minate,  admits  of  being  made  smaller  or  larger.  It  is, 
besides,  sometimes  flat,  sometimes  convex,  and  occasionally 
carved  as  a  rosette.  All  these  variations  are  independent  of 
the  general  composition  of  the  capital,  and  though  not  all 
equally  good,  they  both  suggest  and  authorize  other  modifi 
cations  of  the  Ionic  type,  and  fresh  combinations. 


\v\ 


Fig.  6  shows  the  internal  order  of  the  Temple  of  Apollo 
at  Bassae.    It  has  four  similar  faces;  yet  if  it  so  far  agrees 
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with  many  Roman  and  Modern  Ionic  capitals,  it  differs  from 
them  totally  in  every  other  respect.  The  base  is  peculiar  on 
account  of  its  great  simplicity  and  its  expansion,  spreading 
out  below  to  considerable  more  than  the  upper  diameters  of 
the  shaft.  This  differs  from  the  proper  Ionic  base,  which 
is  greatly  contracted  in  its  lower  moulding.  Another  pecu 
liarity  of  the  Temple  at  Bassae  is  the  mode  in  which  the 
shafts  are  fluted  ;  the  fillets  are  exceedingly  narrow,  and  the 
channels  shallow  and  very  slightly  curved,  which  gives  the 
shaft  altogether  a  different  character  from  that  attending 
the  usual  mode  of  fluting  practiced  for  this  Order.  In 
Greek  examples  the  baluster  side  of  the  column  had  a  series 
of  wide  channels  with  broad  fillets  between  them,  and  where 
great  richness  was  affected,  as  in,  the  Tonic  of  the  Temple  of 
Erechtheis,  at  Athens,  the  fillets  had  an  additional  mould 
ing  upon  them,  carved  into  heads.  In  the  Asiatic  examples, 
on  the  contrary,  and  Roman  ones  also,  the  baluster  side  is 
usually  cut  into  the  form  of  leaves,  bound  together,  as  it 
were,  in  the  centre,  by  a  broad  grin. 

The  base  usually  given  to  this  order  by  the  Greeks  was 
the  Attic  one,  consisting  of  two  tori,  divided  by  a  scotia. 
The  upper  torus  was  sometimes  fluted  horizontally;  at  others, 
cut  to  resemble  an  interlaced  chain-]  "ke  ornament,  now  called 
a  guiUoche.  Modern  architects,  however,  invariably  leave 
the  upper  torus  of  the  base  quite  plain. 

IONIC  ANT^E. — Without  exactly  agreeing  with  that  of  the 
column,  the  base  does  not  differ  from  it  very  materially,  ex 
cept,  indeed,  in  the  Ilisus  example,  where  it  is  lower  than 
the  other,  and  consists  only  of  a  shallow  scotia,  with  a  chan 
neled  torus  above  it.  In  the  Erechtheum  example,  it  is  dis 
tinguished  from  the  column-base  chiefly  by  both  the  lower 
and  upper  torus  being  channeled.  The  capital,  or,  as  it  is 
more  commonly  termed,  anta-cap,  on  the  contrary,  is  differ 
ently  shaped  from  that  of  the  column,  in  consequence  of  hav 
ing  no  volutes;  wherefore,  it  is  not  by  any  means  so  wide, 
neither  ia  it  &u  deep.  The  mouldings,  too,  though  of  the 
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same  character,  art  differently  disposed.  Still,  the  anta-cap 
corresponds  with  the  capital  as  to  plainness  or  enrichment, 
being  either  carved  or  not,  as  those  of  the  latter  happen  to 
be ;  and,  if  the  capital  has  an  ornamented  necking,  so  also 
has  the  ant  a.  One  singularity  in  the  treatment  of  some  an- 
tse  is  that  of  the  face  of  the  anta,  a  slight  break  having  been 
made  down  the  middle  of  it,  which  causes  it  to  appear  com 
posed  of  two  very  narrow  faces,  put  together  side  by  side, 
but  not  exactly  flush  with  each  other. 

IONIC  ENTABLATURE. — As  expressed  in  the  terms  of  the 
diameter  of  the  column,  that  is,  measured  by  it,  the  entabla 
ture  exceeds  that  of  the  Doric  Order.  In  the  Parthenon, 
the  entire  height  of  the  entablature  is  not  more  than  two 
diameters;  while  in  both  the  Ionic  and  Erechtheum,  it  is  two 
diameters  and  seventeen  parts,  or  two-thirds  of  a  diameter 
more;  whereas,  it  would  seem  that  the  Ionic  column,  being 
much  more  slender,  the  entablature  ought  to  be  less  than  two 
diameters  in  height,  instead  of  being  more.  And  so  it  is, 
and  less  in  a  considerable  degree:  it  is  the  height  of  the  en 
tablature;  in  other  words,  the  height  of  the  latter  must  be  ia 
proportion  to  that  of  the  former.  Xow,  two  and  one-third 
diameters  for  the  entablature  is  less  in  proportion  to  a  column 
eight  or  nine  diameters  high.  In  the  latter  case,  the  entab 
lature  is  equal  to  one-third  of  the  column,  and  one-fourth  of 
the  whole  order;  but  in  the  other  two  and  one-third  diame 
ters,  amount  to  only  a  fourth,  or  thereabouts,  of  the  height 
of  the  column,  and,  consequently,  to  only  about  a  fifth  of  the 
entire  Order. 

The  Ionic  Architrave  does  not  differ  materially  from  that 
of  the  Doric.  Its  average  or  standard  height  is  the  upper 
diameter  of  the  column.  In  the  plainer  examples  of  Ionic, 
such  as  the  Ilissus  one,  the  face  of  the  architrave  is  quite 
plain,  and  distinguished  from  it  only  by  the  Doric  tenia  being 
converted  into  a  moulding  of  a  plain  bead  and  small  echinus, 
surmounted  by  a  narrow  tenia  or  broad  fillet.  In  more  de 
corated  examples,  as  that  of  the  Eredhtheum,  the  face  of  the 
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architrave  is  divided  into  three  surfaces  or  courses,  called 
faaae,  which  very  slightly  project  beyond  or  over-hang  each 
other,  and  the  moulding  between  the  architrave  and  frieze  is 
increased  in  depth ;  there  is  a  greater  number  of  mouldings, 
and  some  of  them  are  enriched  by  being  carved,  or,  as  it  is 
termed,  cut. 

As  to  the  Ionic  frieze,  triglyphs  being  discarded  for  it,  and 
no  other  characteristic  members  substituted  for  them,  it  be 
comes  no  more  than  a  plain  surface  interposed  between  the 
architrave  and  cornice,  unless,  as  is  now  never  done,  although 
it  was,  in  all  probability,  generally  done  by  the  Ancients,  it 
is  enriched  with  figures  in  bas-relief,  or  other  sculpture. 

The  Ionic  cornice  affords  but  little  scope  for  further  obser 
vation,  more  particularly  in  the  Athenian  examples,  in  which 
it  consists  of  httle  more  than  the  corona,  and  cymatium  above 
it,  and  some  narrow  led-moulditigs  beneath  the  former  mem 
ber,  partly  got  out  of  its  hallowed  soffit,  or  under-surface. 

If  the  frieze  is  to  be  left  plain,  the  best  way  would  be  to 
reduce  its  height  a  little,  and  perhaps  that  of  the  architrave 
also,  and  enlarge  the  cornice  by  introducing  dmtds  into  it. 
These  dmtds  consist  of  a  series  of  narrow,  upright  blocks 
(supposed  to  represent  the  end  of  joists),  placed  closely 
together;  so  that  the  spaces  between  them,  which  are  only 
about  half  as  wide  as  the  blocks  themselves,  appear  to  indent 
that  portion  of  the  cornice,  which,  when  introduced  without 
being  so  ornamented,  is  called  an  uncut  d&ntd  band. 

The  Temple  of  Jupiter  at  Aizani,  in  Asia  Minor,  exhibits 
a  remarkable  example  of  the  Ionic  order,  the  details  of  which 
were  recently  published,  for  the  first  time,  by  M.  Texier  In 
its  general  conformation,  the  base  resembles  the  Priene 
example;  but  the  entablature  is  quite  different.  The  archi 
trave  is  divided  into  three  facise,  separated  by  a  cut  mould 
ing;  and  the  upper  faciae  is  surmounted  by  an  exceedingly 
deep  and  highly  enriched  course  of  mouldings.  The  frieze, 
too,  is  placed  upon  it  at  intervals,  somewhat  after  the  manner 
of  the  triglyphs,  and  connected  with  scrolls.  The  cornice 
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has  both  dentels  and  modillions,  and  a  narrow  corona,  but 
a  deep  cymatium,  enriched  with  carving. 

Notwithstanding  the  superiority  of  the  Greek  Ionic  to  the 
Roman,  it  has  not  been  adopted  by  the  French  and  Italian 
architects  of  the  present  day.  In  England,  the  Greek  Ionic 
has  been  employed  almost  to  the  entire  exclusion  of  the 
other, 

ROMAN  AND  MODERN  IONIC. 

As  treated  by  the  Romans,  the  Ionic  capital  was  not  only 
greatly  impoverished,  but  deformed  also, — impoverished  by 
the  volutes  being  greatly  reduced  in  size,  and  consequently 
in  importance  also,  as  characteristic  marks  of  the  order, — 
and  deformed  owing  to  the  tasteless  treatment  of  it  in  other 
respects.  Instead  of  the  gracefully-flowing  festoon-kern,  or 
mouldings  over  the  echinus,  which  seems  to  connect  the  two 
volutes,  or  sides  of  the  face  of  the  capital  together,  there  is 
a  straight  line  without  any  moulding  to  it;  and  the  echinus, 
projecting  before  it,  produces  an  appearance  of  clumsiness — 
of  the  several  members  not  being  properly  adjusted  to  each 
other.  As  in  all  the  Greek  examples,  the  echinus  of  the 
capital,  which  passes  behind  the  volutes,  is  invariably  carved 
with  that  sort  of  pattern  which  workmen  call  "  eggs  and 
darts" — ova,  or  egg-shaped  ornaments,  almost  naturally 
resulting  from  the  contour  of  the  moulding  before  it  is  cut; 
and  the  echinus  of  the  Ionic,  being  always  so  carved,  is  on 
that  account  distinguished  by  the  name  ovok — not  because 
its  section,  or  profile,  is  any  portion  of  an  oval  or  elliptic 
curve;  for,  among  other  things  the  Roman  style  differs  from 
the  Greek  in  having  all  its  mouldings,  both  convex  and  con 
cave,  formed  of  portions  of  circles,  by  which  its  details 
become  less  elegant  in  contour. 

There  are  but  three  accredited  examples  of  the  Roman 
Ionic  Order  as  a  whole,  viz: — the  Theatre  of  Marcellus,  the 
Temple  of  Fortuna  Yirilis,  and  the  Temple  of  Concord.  Of 
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the  first  of  these,  the  capital  is  the  simplest  and  plainest,  and 
also  the  smallest  in  its  proportions  ;  that  of  the  second  is  by 
far  the  best,  its  volutes  retaining  most  of  the  Greek  charac 
ter;  and  that  of  the  third  is  remarkable,  if  not  for  its  ugli 
ness  in  other  respects,  for  its  volutes  being  turned  outwards 
diagonally,  so  as  to  present  four  equal  spaces, — a  mode  af 
terwards  re-invented  and  brought  up  as  a  novelty,  by  Sca- 
mozzi,  in  honor  of  whom  it  has  since  been  distinguished  by 
the  name  of  the  Scarnozzi  capital.  There  are  in  addition  to 
these  three  examples  numerous  detached  specimens  of  the 
Order  in  antique,  concerning  which  our  limits  will  not  permit 
us  to  speak.  The  only  other  variety  of,  or  invention  for,  the 
Ionic  capital  that  we  can  notice  is  one  that  has  been  prac 
ticed  by  Italian  Architects,  and  which  may  be  distinguished 
as  the  festoon  or  festooned  capital,  the  volutes  being  turned 
diagonally,  and  a  festoon  being  suspended  from  the  eye  of  one 
volute  to  that  of  the  other  beneatb  each  face.  This  not  only 
gives  variety  and  richness  to  the  capital,  but  by  increasing 
its  volume  or  bulk,  increases  its  importance  also,  and  produces 
great  play  of  light  and  shade;  there  is  harmony  together 
with  diversity  in  the  combination  of  forms,  the  curve  of  the 
festoon  being,  though  dissimilar,  in  agreement  with  the  out 
line  of  the  volutes.  At  present  there  is  no  proportion  ob 
served — that  is  with  regard  to  decoration;  for  the  same 
entablature  or  cornice  at  least  is  not  equally  adapted  to  large 
and  small  capitals.  To  obviate  the  meagreness  and  insig 
nificance  of  the  usual  Italian  Ionic  capital,  Sangovino  and 
some  others  have  frequently  given  it  a  necking,  either  plain 
or  enriched,  which  even  when  plain,  greatly  improves  the 
general  appearance  of  the  column  by  increasing  the  depth  of 
the  capital  and  reducing  the  height  of  the  shaft.  To  make 
this  clearer,  without  pretending  at  all  to  exactness,  call  the 
column  nine  diameters  high,  and  the  capital  either  half  a 
diameter,  or  a  whole  one,  accordingly  as  it  is  with  or  without 
a  necking;  now,  in  the  first  case,  the  capital  will  be  to  the 
shaft  (base  included)  only  as  one  to  seventeen,  whereas  in  the 
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other  it  becomes  as  one  to  eight,  which  is  not  at  all  toe 
much,  while  the  other  way  the  shaft  is  much  too  lanky,  and 
the  capital  too  low, — as  is  probably  felt  by  those  who  cannot 
explain  the  cause  of  such  disagreement  and  disproportion. 

ENTABLATURE  — The  Theatre  of  Marcellus  seems  to  have 
been  the  entablature  which  has  guided  the  Modems  in  the 
composition  of  their  entablature,  although  they  have  greatly 
diminished  the  proportions  of  the  cornice,  which  is  there 
nearly  equal  to  both  architrave  and  frieze  together.  In  the 
Athenian  Ionic  we  may  set  down  the  architrave,  frieze,  and 
cornice  as  about  50 — 50,  and  35  minutes  respectively,  making 
altogether  two  diameters  and  fifteen  minutes  (2J  diameters) ; 
therefore  the  cornice  is  to  each  of  the  other  fcwo  divisions  of 
the  entablature  only  as  35  to  50.  In  the  Roman  Ionic,  on 
the  contrary,  the  cornice  is  by  much  the  largest  division;  in 
the  Fortuna  Yirilis  example,  the  measures  are — architrave 
38',  frieze  19',  cornice  TO';  in  that  of  the  Theatre  of  Mar 
cellus  43' — 36' — 66',  making  the  entire  entablature  12  T,  or 
2  diameters  7  minutes.  Although  modern  Architects  vary 
from  these  proportions,  and  some  of  them,  make  the  frieze 
equal  to,  or  more  than  the  architrave,  they  all  agree — in 
doctrine,  at  least,  if  not  in  practice — in  making  the  cornice 
the  largest  division  of  the  entablature.  Either  dentels  or 
larger  plain  blocks,  placed  rather  wide  apart  from  each  other, 
are  considered  the  proper  characteristic  marks  of  the  Ionic 
cornice. 

The  moderns  have  frequently  given  this  Order,  by  way  of 
distinction,  a  convex  frieze,  technically  termed  a  pulvinated 
one,  from  its  fancied  resemblance  to  a  cushion 
whose  slides  swell  out  by  compression  when  sat  upon. 
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COBINTHIAN  ORDERCyrn 


THE  distinguishing  feat 
ure  of  this  Order  is  its 
deep  and  foliaged  capital. 
The  story  usually  related 
of    the    origin    of    the 
Corinthian    capital    is : 
the  sculptor  Calhcrates 
was  so  struck   by  the 
graceful  forms  into  which 
the  leaves  of  the  acanthus 
plant  had  grown  up  around  a 
tall  basked  covered  by  a  square 
slab,  that  he  sketched  it,  and 
conceived  the  idea  of  fashioning 
the  capital  after  it.    The  fact 
is,  the  Corinthian  Order  does 
not  appear  to  have  been  ever 
matured  into  a  distinct  style 
and  complete  system  by  the 
G-reeks     There  is,  indeed,  one 
solitary  Athenian  example  of 
Corinthian,  which  exhibits  the 
utmost  refinement  of  exquisite 
richness  attempered  by  exquisite 
delicacy.      In  the  Lysicrates 
capital — as  we  will  for  conve 
nience    call    it   (the   example 
alluded  to  being  that  of  the 
monument  of  Lysicrates,  other 
wise    called    the    Lantern   of 
Demosthenes,    at    Athens) — 
foliation  may  be  said  to  have 
attained  its  culminating  point; 

rivalled,  it  may  be,  but  hardly 

surpassed.    Still,  it  must  be   confessed,  as  a  whole,  that 
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Order  leaves  much  to  be  desired  for  It,  there  being  nothing 
of  corresponding  beauty  and  luxuriance  in  the  rest  of  it. 
The  cornice,  for  instance,  is  only  a  simple  dentelled  Ionic 
one;  nor  are  any  of  the  mouldings  of  the  entablature  cut. 
There  was,  however,  in  that  particular  case,  above  the 
entablature,  what  fully  counterbalances  and  carries  out  the 
idea  and  expression  of  the  capitals,  namely,  the  ornamental 
roofing,  and  the  matchless  finial  which  crowns  the  structure, 
and  produces  a  full  climax  of  beauty  and  grace.  Charming 
as  the  original  itself  is,  or,  more  correctly,  was,  it  has  been 
copied  and  altered  more  than  any  other  structure — often  in 
a  bungling  manner. 

The  Corinthian  Order  may  be  thus  described:  the  body 
of  the  capital  is  surrounded  by  two  rows  of  leaves,  eight  in 
each  row;  besides  which,  there  are  four  leaves,  which,  with 
the  volutes  over  them,  serve  to  support  the  four  angles  of 
the  abacus  Although  the  Order  itself  is  the  most  delicate 
and  lightest  of  the  three,  the  capital  is  the  largest,  being 
considerably  more  than  a  diameter  in  height, — upon  the 
average  about  a  diameter  and  a  quarter.  This,  however, 
will  cause  the  reader  no  surprise,  if  he  bears  in  mind  what 
has  before  been  said  as  to  the  proportion  to  be  observed 
between  the  column  and  its  capital.  The  taller  the  former  is, 
the  taller  must  the  latter  be  also,  and  so,  far  bulkier ;  although, 
while  actually  increasing  in  bulk,  its  tallness  corrects  the 
appearance  of  heaviness,  by  giving  the  proportion  of  slender- 
ness.  A  capital  whose  height  is  only  half  a  diameter,  is, 
of  course,  by  no  means  positively  so  bulky  as  one  which  is 
upwards  of  an  entire  diameter  in  height, — whereas  the  other 
is  much  higher  than  it  is  wide.  The  abacus  is  differently 
shaped  from  what  it  is  in  either  of  the  other  four  Orders. 
In  the  Doric  it  is,  as  we  have  seen,  merely  a  thick,  square 
slab  fitting  the  echinus  beneath  it,  and  left  perfectly  plain. 
In  the  Ionic,  it  is  square;  but  its  sides  are  moulded,  whether 
it  is  square  or  not.  The  Corinthian  abacus,  on  the  contrary,  is 
not,  properly  speaking,  a  square:  although  it  may  be  said  to 
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be  so  in  its  general  form,  inasmuch  as  it  possesses  squareness, 
having  four  equal  sides.  Instead  of  being  straight,  the  sides 
of  the  abacus  are  concave  in  plan,  being  curved  outwards, 
so  as  to  produce  a  sharp  point  at  each  corner,  which  is 
accordingly  cut  off.  Thus  we  find  that  the  abacus  here 
assumes  a  very  different  shape  from  its  original  one.  The 
height  of  the  capital  varies  from  60'  to  nearly  half  as  much 
again. 

The  proper  Corinthian  base  differs  from  that  of  the  usual 
Ionic  or  Attic,  in  having  no  smaller  scotise,  separated  by  two 
astragals;  however,  both  kinds  are  employed  indiscriminately, 
and  the  Attic  is  that  which  is  generally  used,  except  a  greater 
degree  of  delicacy  and  ricnness  than  ordinary  be  required. 
As  the  shaft  is  fluted  similarly  to  that  of  the  Ionic  column, 
viz.,  with  twenty-four  channels,  there  is  nothing  for  notice  or 
remark  tKere,  unless  it  be  that  the  flutes  are  sometimes 
mlkdj  as  it  is  called,  that  is,  the  channels  are  hollowed  out 
for  only  about  two-thirds  of  the  upper  part  of  the  shaft,  and 
the  remainder  cut,  so  that  each  channel  has  the  appear 
ance  of  being  partly  filled  up  by  a  round  staff,  or  piece  of 
rope,  whence  the  term  cabling. 

ENTABLATURE. — The  architrave  is  generally  divided  into 
three  faciae  (the  lower  one  much  narrower  than  the  others, 
which  is  rather  contrary  to  architectonic  principle,  the  weaker 
r^mber  being  placed  under  heavier  ones),  with  the  mouldings 
between  them,  which,  though  frequently  left  plain,  are  prop 
erly  enriched  in  the  best  and  most  consistently  finished-up 
examples.  We  pass  over  the  frieze,  that  being  merely  a  sin 
gle  surface,  either  plain  or  sculptured.  The  cornice  is  larger 
than  in  the  other  Orders,  larger  as  to  height,  and,  conse 
quently,  as  to  projection  also;  which  increased  height  and 
projection,  and,  we  may  add,  increased  richness,  are  demanded 
by  the  greatly  enlarged  bulk  of  the  capital,  and  its  more  ela 
borate  decoration.  Examples  vary  so  greatly,  that  we  can 
give  only  approximating  mean  and  average  proportions, 
which  may  he  set  down  at  2  diameters  12  minutes  for  the 
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whole  entablature,  and  54' ,  or  something  less  than  a  diame 
ter,  for  the  cornice;  but  it  is  in  many  instances  more,  and, 
in  others,  as  much  less.  As  may  be  supposed  from  this 
greatly-increased  depth  of  the  cornice,  it  consists  of  a  greater 
number  of  mouldings  beneath  the  corona,  for  that  and  the 
cymatium  over  it  invariably  retain  their  places  as  the  crown 
ing  members  of  the  whole  series  of  mouldings.  To  the  den- 
tels  of  the  Ionic  cornice  is  added  a  row  of  modillims,  imme 
diately  beneath  and  supporting  the  corona.  These  modil- 
lions  are  ornamented  blocks,  curved  in  their  under  surface, 
after  the  manner  of  the  letter  S  turned  thus,  m-  and  between 
them  and  the  dentels,  and  also  below  the  latter,  are  other 
mouldings  sometimes  cut,  at  others,  left  plain.  Sometimes  a 
plain,  uncut  dentel-band  is  substituted  for  dentels;  sometimes, 
in  simpler  cornices,  that  is  omitted  altogether,  and  plainer 
blocks  are  employed  instead  of  modillions;  or  else  both  dea- 
tels  and  modillions  are  omitted,  as  in  the  Temple  of  Antoninus 
and  Faustina,  notwithstanding  that  it  is  considerably  enriched 
— even  the  face  of  the  corona  being  fluted. 
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Cymatium  \ 
Modillions. 


COMPOSITE  ORDER. 

THIS  O^der  is  not  con 
sidered  by  some  modern 
writers  as  an  Order.  The  vo 
lutes  at  the  angles  of  the  capi 
tal  are  expanded  into  the  pro 
portions  of  those  in  the  Roman 
Ionic  capital.  The  Order  is 
without  doubt  derived  from  the 
Ionic  and  Corinthian;  it  was 
first  used  by  the  Romans  in 
their  triumphal  arches.  The 
very  dissimilar  varieties  to  be 
met  with,  all  belonging  to  one: 
and  the  same  Order,  show 
plainly  enough  that  the  Archi 
tects  of  antiquity  considered 
themselves  at  liberty  to  design 
their  own  detail,  and  to  treat 
an  Order  as  a  composition 
marked  out  for  them  in  its 
leading  forms  and  general  pro 
portions,  but  which  they  might 
fashion  nearly  ad  libitum  in 
other  respects.  Modern  archi 
tects  are  more  apt  to  study 
mere  convenience,  and  violate 
architectural  orthodoxy.  Such 
architecture  may  not  be  strictly 
classical;  but  it  does  not  follow 
that  hence  they  are  not  artistic 
or  beautiful.  If  our  limits  would 
permit,  we  could  instance  hun 
dreds  of  examples  of  this  Order, 
each  of  which  might  be  some 


what  different  from  the  other. ;  and  perhaps  it  might  lead 


Plinth]  I 


OF    ARCHITECTURE.  43 

the  reader  to  the  conclusion,  that  the  Composite  should  be 
considered  not  as  a  separate  Order,  but  as  a  modification 
of  the  Corinthian. 

COLUMNIATION. 

Columns  and  entablatures,  in  themselves,  do  not,  properly 
speaking,  constitute  an  Order,  although  they  serve  as  speci 
mens  of  it.  They  must  enter  into,  and  regulate  the  organiza 
tion  of  a  structure,  before  they  can  become,  by  composition, 
what  is  strictly  termed  an  Order.  As  exhibited  in  their 
temples,  the  system  of  columniation  practised  by  the  ancients 
was  strictly  organic  and  natural.  Instead  of  being  something 
accessory,  supplementary  to,  and  independent  of,  the  fabric, 
that  might  be  either  omitted  or  applied  at  pleasure,  as 
commonly  practised  in  Italian  and  modern  composition,  the 
Order  itself  constituted  the  exterior  of  the  building,  at  least 
of  that  side  or  front  of  it  where  it  was  introduced,  when  it 
was  not  continued  throughout;  so  that  the  Order  and  its 
dimensions,  once  established,  and  the  mode  of  inter^olumnia- 
tion  determined,  the  edifice  shaped  itself.  Before  we  enter 
upon  the  subject  of  inter-columniation,  it  will  be  desirable  to 
explain  the  various  forms  of  temples,  and  the  technical  terms 
by  which  they  are  distinguished. 

The  naosj  or  ceZ&i,  as  it  is  more  usually  called,  or  temple 
itself,  was  comparatively*small,  even  where  the  entire  mass 
was  of  considerable  size,  gradual  extension  of  ske  being 
produced  not  so  much  by  any  great  enlargement  of  the  in 
terior  as  by  external  columniation  and  its  gradual  develop 
ment.  It  is  probable  that  the  earliest  Greek  temples  con 
sisted  of  the  naos  only,  and  were  accordingly  plain  ASTYLAK 
buildings,  or  without  columns,  except  in  front  or  at  the 
entrance  end,  where  an  enclosed  porch  was  formed  by  intro 
ducing  columns,  by  continuing  the  side  walls,  and  placing 
columns  between  them  in  antis,  that  is,  between  the  two 
oMiat  or  pilasters  forming  the  ends  of  those  walls.  The  next 
step  seems  to  have  been  to  advance  the  porch  before  the 
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main  building,  instead  of  keeping  it  recessed  within  the  side 
walls,  thereby  converting  in  form  a  portico  in  antis  into  a 
prostyle,  or  projecting  line  of  columns;  thus  a  distyle  vn  antis, 
or  a  portico  consisting  of  two  columns  between  antae,  con 
sequently  of  three  iwtercohmns,  or  open  spaces  between  the 
aatae  and  columns,  would  become  a  tetrastyle,  or  projecting 
portico  of  four  columns.  By  the  other  end  of  the  building 
being  similarly  treated,  the  temple  became  amphiprostyle,  or  . 
prostyle  at  both  ends,  in  rear  as  well  as  in  front,  the  sides 
still  remaining  astylar.  The  next  and  last  style  of  advance 
ment  was  to  continue  colurnniation  all  round,  enclosing  the 
cella  within  colonnades  along  its  sides  as  well  as  at  its  ends, 
which  disposition  of  plan  is  expressed  by  the  terms  peristyle 
or  peristylar,  and  peripteral,  which  of  necessity  produces  two 
columns  and  two  iutercolumns  more  in  front;  for  what  would 
otherwise  be  merely  a  tetrastyle  prostyle,  with  four  columns 
and  three  inter  columns,  (the  number  -of  the  latter  being 
always  one  less  than  of  the  others,)  becomes  by  the  colon 
nades  being  continued  along  the  side,  a  hexastyle  (six 
columns  and  five  inter  columns) ;  or  if  originally  a  prostyle 
hexastyle,  it  would  be  rendered  an  odastyk,  (eight  columns 
and  seven  intercolumns, )  and  so  on.  It  should  be  observed, 
too,  that  a  building  cannot  at  the  same  time  be  peristylar 
and  have  a  prostyle  portico,  the  latter  being  merged  in  the 
general  columniation,  instead  of  projecting  from  the  rest  of 
the  edifice  as  a  distinct  feature.  Of  peristylar  temples  there 
were  two  sorts,  viz.  :  those  with  a  single  row  of  columns  on 
each  side,  and  those  which  have  two,  which  last  are  distin 
guished  by  the  term  dipteral,  i.  e.  having  two  wings  or  aisles 
on  each  side.  Although  it  did  not  at  all  affect  the  general 
appearance,  notwithstanding  that  it  extended  the  plan  by 
adding  two  more  columns  and  intercolumns  to  the  front,  this 
last-mentioned  mode  was  attended  with  greater  richness  of 
columniation,  and  the  intercolumns  contributed  not  a  little 
to  variety  of  effect  and  play  of  perspective;  besides  which, 
greater  sheltered  space  was  gained  for  ambulatories ;  whereas 
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in  tlie  usnal  simple  peristyle,  where  the  space  between  the 
outer  columns  and  the  walls  of  the  cella  was  limited  to  the 
width  of  a  single  intercolumn,  the  side  colonnades  were  mere 
narrow  passages,  very  little  wider — at  least  in  Doric  tem 
ples — than  the  diameter  of  the  columns  themselves,  conse 
quently  of  very  little  actual  service.  In  what  is  called  the 
pseudo-dipteral  mode,  more  of  clear  space  between  the  colon 
nades  was  provided  by  omitting  the  inner  columns,  which 
mode  reduced  the  plan  to  that  of  simple  peristyle,  the  only 
difference  being,  that  instead  of  the  width  of  a  single  inter- 
column,  a  clear  space,  equal  to  two  intercolumns  and  one 
column,  was  gained  for  the  ambulatories.  The  Temple  of 
Jupiter  at  Silenus  was  of  this  description,  and  being  only 
octastyle  in  front, — the  least  possible  width  for  a  dipteral  or 
pseudo-dipteral  plan, — of  the  seven  front  intercolumns,  for 
four  (i.  e.,  two  on  each  side)  were  given  to  the  lateral  colon 
nades,  and  only  three  left  for  the  breadth  of  the  cdla,  which 
must  have  looked  like  a  smaller  edifice  standing  within  a 
colonnaded  and  covered  enclosure. 

The  above  few  and  simple  arrangements  of  plan  are  nearly 
all  the  varieties  that  the  Greek  temple  style  offers;  and  some 
of  them  are  little  better  than  distinctions  without  differences, 
inasmuch  as  the  differences  do  not  affect  general  external 
appearance.  Peripteral,  dipteral  and  pseudo-dipteral,  all 
agree  in  the  main  point,  and  the  two  latter  answer  to  the 
name  of  peripteral  as  well  as  to  the  first,  being  merely  modi 
fications  of  it.  Great  as  were  its  aesthetic  beauties,  Greek 
Architecture  was — why  should  we  scruple  to  confess  it? — 
exceedingly  limited  in  its  compass  and  power  of  expression; 
what  it  did,  it  did  admirably,  but  it  confined  itself  too  much 
to  one  idea.  "  When  you  have  seen  one  green  field,"  says 
Johnson,  "you  have  seen  all  green  fields;"  and  so  we  may 
say  of  Greek  temples, — when  you  have  seen  one  of  them, 
you  have  seen  all  of  them.  However  they  may  differ  from 
one  another  as  to  the  treatment  of  the  Order  adopted  for 
them,  the  number  of  their  columns  and  mere  particulars  of 
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that  kind,  they  resemble  each  other  very  nearly  in  all  lead 
ing  points.  Not  only  were  their  plans  invariably  parallelo 
grams,  but  alike  also  to  proportion,  forming  a  double  square, 
or  being  about  twice  as  much  in  length  as  in  breadth;  for  so 
exceedingly  methodical  was  the  Greek  system,  that  the  num 
bers  of  columns  on  the  flanks  or  sides  of  a  peripteral  temple 
was  regulated  and  determined  by  the  number  of  those  in 
front.  The  number  of  those  in  front  was  invariably  an  even 
one,  as  otherwise  there  would  be  no  middle  intercolumn;  but 
on  the  flanks  of  the  edifice,  where  there  was  no  entrance, 
the  number  of  the  intercolumns  was  an  even,  and  that  of 
the  columns  an  uneven  one,  so  that  a  column  came  in  the  cen 
tre  of  these  side  elevations. 

As  to  the  mode  in  which  the  front  influenced  the  sides  by 
determining  the  number  of  columns  for  them,  the  established 
rule  seems  to  have  been  to  give  the  flanks  twice  as  many  inter- 
columns  as  there  were  columns  at  each  end:  thus,  the  Parthe- 
non,which  is  octastyle,  has  sixteen  intercolumns;  consequently, 
seventeen  columns  on  each  flank.  In  like  manner,  a  hexa- 
style  temple  would  have  twelve  intercolumns,  and  thirteen 
columns  on  its  sides.  There  are,  however,  exceptions;  for 
instance,  the  temple  at  Selinus,  which  has  been  mentioned  as 
an  instance  of  the  pseudo-dipteral  mode  of  columuiation  in  an 
octastyle,  with  sixteen,  or  just  twice  as  many  columns  on  its 
sides  as  in  front;  consequently,  the  intercolumns  are  only  fif 
teen,  and  being  uneven  in  number,  there  is  a  middle  one,  as 
in  the  front  itself.  After  all,  the  difference  caused  by  there 
being  an  intercolumn  more  or  less  than  usual,  is  but  a  very 
slight  one,  such  as  is  to  be  ascertained  only  by  counting  the 
columns,  and  such  as  not  to  cause  any  perceptible  difference 
in  the  general  physiognomy  of  building. 

Besides  the  restriction  as  to  general  proportion  of  plan, 
namely,  the  fixed  relationship  between  the  length  and  the 
breadth  of  the  building,  proportion  with  regard  to  height 
was  limited  in  a  different  way,  and  in  such  manner  that 
the  character  of  increased  richness  and  importance  derived 
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from  a  greater  number  of  columns  was  attended  not,  indeed, 
by  decreased  height,  but  by  decreased  loftiness,  or  proportional 
height,  that  is,  height  as  measured  by  either  breadth  or 
length.  Paradoxical  as  this  may  sound  at  first,  nothing  can 
be  more  plain  when  once  explained.  Discarding  nicety  in 
measurement,  we  will  call  a  tetrastyh  portico  about  a  square 
in  height — that  is,  about  as  high  as  wide;  but  add  four  more 
columns,  extend  it  from  a  tetrastyle  to  an  octastyle,  so  that 
it  becomes  about  a  double  square  in  breadth,  or  twice  as 
wide  again,  and  the  inevitable  consequence  is,  that  it  is  then 
only  twice  as  wide  as  high;  that  is,  as  to  proportion,  only 
half  as  lofty  as  it  was  before.  The  expression  of  loftiness,  in 
which  altitude  greatly  predominates  over  breadth,  was  quite 
beyond  the  reach  of  the  Greek  system.  Their  temples  might 
be  planted  on  lofty  eminences,  but  the  structures  themselves 
never  towered  upwards.  As  far  as  it  went,  their  system 
was  perfect — so  complete,  indeed,  in  itself  as  to  be  unfit  for 
almost  any  other  purposes  than  that  for  which  it  was  ex 
pressly  framed. 

If  the  Romans  corrupted  the  Doric  and  Ionic,  they  devel 
oped  and  matured  the  Corinthian  Order,  and  also  worked 
out  a  freer  and  more  complex  and  comprehensive  system  of 
Architecture.  To  say  nothing  of  their  introduction  and  ap 
plication  of  those  important  elements  of  both  construction 
and  design,  the  arch  and  vault,  which  hardly  belong  to  a 
mere  treatise  on  the  Orders,  it  is  to  the  Romans  that  we  are 
indebted  for  varieties  and  combinations  of  plan  that  will  be 
,  sought  for  in  vain  among  Grecian  structures.  Of  the 
Romans  it  may  be  said,  "Mutant  qimdratu  rotunduP 

Circular  forms,  and  curves  displaying  themselves  not  only 
in  elevation  and  section,  but  in  plan;  and  while,  among  the 
Greeks,  Architecture  was  confined  almost  exclusively  to  ex 
ternal  appearance  and  effect,  in  the  hands  of  the  Romans  it 
was  made  to  minister  to  internal  display  of  the  most  enchant 
ingiy  picturesque  kind,  as  would  be  amply  attested  by  the 
Pantheon  alone.  In  that  edifice,  and  Hadrian's  Mausoleum 
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(now  barbarized  into  the  Castello  di  S.  Angelo),  the  cylin 
drical  form  was  exhibited  upon  an  imposing  scale;  in  the 
temple  at  Tivoli,  in  far  less  dimensions,  but  with  the  most 
captivating1  taste;  and  again  in  the  tomb  of  Cecilia  Meletta, 
we  have  a  fine  example  of  an  unbroken  astylar  circular  mass. 

In  such  structures  as  the  Colosseum  and  other  Roman 
amphitheatres,  a  different  form  of  curvature,  namely,  the 
ellipses,  was  employed  with  admirable  propriety  and  effect. 
In  the  interior,  again,  we  find  the  hemicycle  or  concave 
semi-circular  form,  both  frequently  and  variously  applied  by 
Romans  in  such  edifices  as  their  Baths,  which  afford  many 
excellent  studies  for  combination  of  plan. 

To  enter  into  the  system  of  Roman  Architecture  as  the 
subject  would  require,  would  very  far  exceed  our  present 
limits  and  purpose  ;  much  less  can  we  pretend  to  treat  here 
of  the  still  more  varied  and  complex  Italian,  or  Modern 
European  system,  into  which  fenestration  so  largely  enters, 
calumniation  being,  more  frequently  than  not,  subordinate. 
Were  we  to  touch  upon  the  last  mentioned  style  and  its 
various  elements,  it  could  be  only  so  superficially  as  to  be 
more  disappointing  than  instructive.  Better  that  our  reader 
should  admire  our  forbearance,  than  complain  of  our  unsat 
isfactory  jejuneness.  We  may,  however,  permit  ourselves  to 
throw  out  one  or  two  general  remarks  ;  the  first  of  which  is 
that  it  is  a  great  error  to  confound^with  the  Italian  the  two 
Ancient  Classical  styles,  applying  to  them  alike  the  epithet 
"  Grecian,"  merely  in  contradistinction  to  Gothic,  or  Medi- 
seval  Architecture.  It  is  absurd  to  pretend  to  test  by  the 
Greek  style,  one  so  totally  differently  constructed  as  the 
Italian  ;  an  error  that  could  hardly  have  been  fallen  into 
but  for  the  practice  of  applying  the  same  names  to  very  dif 
ferent  things.  The  term  Order  has  quite  a  different  mean 
ing  as  applied  to  the  original  classical  mode  of  the  Art, 
from  what  it  has  in  the  other.  In  Italian  composition,  an 
Order  is  more  frequently  than  not,  mere  decoration  in  the 
shape  of  columns  and  entablatures,  fashioned  secwndum  artem, 
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(a  very  different  thug  from  artistically,)  so  as  to  resemble 
in  detail,  and  certain  conventional  distinctions,  those  of  the 
Ancients.  Infinitely  better  would  it  have  been,  if,  instead 
of  allowing  themselves  to  be  misled  by  the  pedantry  of  Vi- 
truvius,  the  Architects  of  the  so-called  Revival,  who  showed 
much  happiness  of  invention  in  other  respects,  had  treated 
the  Orders  freely;  or  perhaps  still  better,  had  they  worked 
out  ideas  of  their  own  for  columns  and  entablatures,  when 
ever  they  had  occasion  for  them,  either  as  matters  of  neces 
sity,  or  as  mere  decoration.  Had  Italians  allowed  them 
selves  greater  latitude  in  that  respect,*  they  would,  in  all 
probability,  have  been  far  less  licentious  upon  the  whole 
than  they  frequently  were,  and  their  buildings  would  have 
been  more  homogeneous — more  of  a  piece.  But  they,  for 
sooth,  be  one  of  the  Orders  or  all  of  them  at  once,  and  a 
great  deal  else  in  the  bargain.  Therefore  the  affecting  to 
retain  the  Ancient  Orders  in  their  purity,  served  no  other 
purpose  than  that  of  making  all  the  more  evident  how  com 
pletely  their  first  intention  and  character  had  been  lost 
sight  of. 

The  clinging  with  scrupulous  punctilio  to  what  had 
become  dead-letter  forms,  after  the  system  which  they  had 
produced  had  been  abandoned,  and  exchanged  for  another 
and  widely  different  one,  was  merely  superstition  and  ped 
antry.  It  might  show  acquaintance  with  traditional  learn 
ing  and  the  writings  of  Vitruvius  ;  but  it  also  showed  dnlness 
of  aesthetic  feeling,  or,  what  is  not  much  better,  deficiency 
of  aesthetic  power.  There  was,  however,  one  mode  of  apply 
ing  columns,  which,  although  generally  regarded  as  the  most 
licentious  and  tin-orthodox,  nay,  even  preposterous, 
because  quite  contrary  to  all  classical  practice  and  prece 
dent,  has  at  least  one  propriety,  that  of  being  rational,  since 
columns  there  officiate  as  columns — as  real  support; 
whereas  in  a  great  deal  of  Modern  Architecture,  that  is 
admired  for  the  correct  taste  it  displays,  columns  and  their 
entablatures  are,  mere  expletives,  instead  of  actoai  compo- 
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Dent  parts  of  the  fabric,  and  simulate  a  mode  of  construction 
neither  required  for  nor  practiced  in  the  fabric  itself. 

The  particular  mode  here  alluded  to  is  that  in  which 
arches  are  not  introduced  together  with  columns,  but 
the  arches  are  not  only  introduced  together  with  colums,  but 
the  arches  and  columns  are  so  indissolubly.  married  together 
that  they  cannot  be  divorced,  inasmuch  as*  the  arches  are 
supported  by  the  columns  themselves,  the  former  springing 
immediately  from  the  capitals  of  the  latter.  Such  combi 
nation,  it  might  be  supposed,  would  be  gladly  admitted  as 
sufficiently  legitimate,  both  because  in  accordance  with 
rational  architectonic  principles,  and  because  it  greatly  ex 
tends  the  resources  of  the  Art  ;  nevertheless  such  is  the 
omnipotence  of  prejudice,  that  instead  of  being  welcomed 
and  adopted  by  us,  it  has  been  decried  as  a  barbarism.  As 
an  irresistible  and  crushing  argument  against  it,  we  are  told 
that  columns  were  not  originally  intended  to  be  so  applied; 
— admirable  logic,  -  truly  !  There  are  a  great  many  other 
things  besides  columns  which  have  in  course  of  time  come  to 
be  applied  to  uses  not  originally  contemplated.  In  regard 
to  that  combination  of  columns  and  arches  according  to 
which  the  latter  spring  immediately  from  the  others,  and 
are  supported  by  them,  there  are  two  questions  :  the  first 
and  practical  one,  Do  the  columns  afford  sufficient  support? 
the  second  and  aesthetic  one  is,  Is  there  also  sufficient 
appearance  of  support  ;  or  is  there  anything  contradictory 
to  principle;  to  judgment  and'  gjood  taste  ?  The  first  ques 
tion  needs  no  answer,  since"  it  answers  itself ;  it  being  an 
indisputable  fact  that  columns  so  employed  do  answer  the 
purpose  to  which  they  are- turned.  The  other  question  is 
not  so  easily  answered  :  "the  prejudiced  will  of  course  answer 
it  according  ,to  their,  own  contracted  taste  and  narrow 
notions,  condemning  the  mode  alluded*  to,  without  any 
inquiry  into  its  merits  and  advantages,  merely  on  the  ground 
of  its  being  quite  at  variance  with  the  classical  system  of 
traleated  columniation,  that  is,  with  columns  supporting  a 
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horizontal  architrave  and  entablature,  or  general  horizontal 
trabeation.  That  by  the  substitution  of  arches  for  archi 
traves,  the  character  of  the  Greek  system  is  forfeited,  cannot 
be  denied  ;  but  then  another  character  is  established  whose 
difference  from  the  original  one  ought  not  to  be  made  its 
condemnation  To  demand  of  a  different  mode  that  it 
should  resemble  and  conform  to  the  laws  of  that  from  which 
it  differs,  is  absurdity  in  the  extreme,  for  it  is  requiring  at 
once  that  it  shall  be  a  different  one  and  the  sanfe.  To 
compare  different  styles  is  a  very  useful  sort  of  study  ;  but 
to  make  any  one  style  the  criterion  or  standard  by  which 
others  are  to  be  judged,  is  preposterous. 

The  style  in  which  the  arch  and  column  enter  into  direct 
combination  with  each  other,  and  for  which  there  is  BO  spe 
cific  name,  has  at  all  events  some  economical  recommenda 
tions,  inasmuch  as  shorter  columns,  and  fewer  of  them,  are  re 
quired,  than  would  be  necessary  for  the  same  height  and 
length  according  to  the  trabeated  mode.  In  itself,  too,  it 
possesses  much  capability ;  yet  as  is  the  case  with  every 
other  style,  the  merit  of  the  works  produced  in  it  depends 
upon  the  manner  in  which  it  is  treated,  and  the  talent 
brought  to  it.  There  is  no  style  of  the  Art  so  poetical  that 
the  flattest  prose  may  not  be  made  out  of  it ;  and  hardly 
any  so  utterly  prosaic  as  to  be  incapable  of  being  kindled 
into  poetry  by  the  Promethean  torch  of  generality — artistic 
treatment,  and  con  am&re  aesthetic  feeling. 


INTERCOLUXNIATIOST. 

Although  Intereolummation  consists  only  in  regulating 
and  determining  the  spaces  between  the  columns,  and  con 
sequently  does  not  affect  the  nature  of  the  composition,  for  a 
tetrastyle,  hexastyle,  &c.,  would  still  be  such,  no  matter  how 
narrow  or  wide  the  vntvr -calumniations  or  intervals  between  the 
columns  may  be,  very  much  depends  upon  it  with  regard  to 
expression  and  effect.  How  intercolumniation  is  regulated 
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in  the  Doric  Order,  has  already  been  explained:  in  that  the 
distances  between  the  columns  is  generally  governed  entirely 
by  the  triglyphs  of  the  frieze,  so  that  there  can  be  no  medium 
between  monotriglyphic  and  ditriglyphic  in  intercolmnniation, 
accordingly  as  there  is  either  one  or  two  triglyphs  over  each 
intercolumn.  But  in  the  other  orders  there  are  no  such  re 
strictions:  in  them  the  intercolumns  may  be  made  wider  or 
narrower,  as  circumstances  require,  but,  of  course,  under 
the  guidance  of  judgment  and  good  taste;  for  what  is  left 
&  discretion  is  not  always  very  discreetly  used.  Yitruvius 
and  his  followers,  however,  have  not  cared  to  trust  to  discre 
tion  or  indiscretion,  but  have  fixed  certain  positive  or  distinct 
modes  of  intercolumniation,  viz.,  five,  to  wit: 

Pycnostyle,  or  dosdy  set,  in  which  the  intercolumns  are 
one  diameter  and  a  quarter  or  a  half  in  width. 

Systyle,  in  which  they  are  two  diameters  wide. 

Eustyle,  or  well  spaced,  in  which  they  are  two  diameters 
and  a  half. 

Dyastyle,  in  which  they  are  three  diameters. 

Arseostyle,  or  thinly  set,  in  which  they  are  four  diameters. 

Let  us  repudiate  for  Architecture  all  such  formal,  Act  of 
of  Congress  legislation,  and  take  pycnostyle  and  serostyle  as 
the  greatest  allowable  degree  of  distance  or  closeness  at  which 
the  columns  can  be  placed,  and  it  follows,  that  between  such 
maximum  and  minimum,  any  intermediate  measure  is  admis 
sible,  and  that  there  is  no  occasion  to  fix  it  positively  and 
arithmetically,  and  make  distinctions  which  are,  after  all, 
only  arbitrary.  There  are  a  great  many  matters  in  design 
which  must  be  left  to  the  architect,  and  intercolumniation  is 
one  of  them.  It  is  impossible  to  have  precise  rules  for  every 
thing,  neither  is  it  desirable;  for,  if  everything  in  it  could  be 
done  by  rule,  Architecture  would  forfeit  its  nature  as  one  of 
the  fine  arts,  and  be  reduced  to  one  of  the  mechanical  What 
Is  done  by  rule  can  be  done  just  as  well  as  by  one  as  another. 

Excepting  the  terms  pycnostyle  and  araeostyle,  which  are 
useful  as  expressing  the  greatest  degree  of  closeness  or  of 
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openness  of  inter-columniation  consistent  with  well-propor 
tioned  arrangement,  the  others  may  be  dispensed  with.    To 
designate  one  mode  as  eustyle,  par  excdeTice,  is  very  much  like 
saying  that  the  proportions  assigned  to  it,  viz.,  2-30',  or  2| 
diameters,  are  the  Tery  best,  and  all  the  rest  comparatively 
defective;   according  to  which  doctrine,  the  mmotriglyphic 
mode  of  inter-columniation  usually  employed  by  the  Greeks 
in  their  Doric  temples,  and  which  answers  to  the.  character 
ot  pycnostyle,  is  not  so  well-proportioned  as  what  is  emphati 
cally  called  eustyle.     Let  it  be  whatever  it  may,  as  expressed 
in  terms  of  the  diameter  of  the  columns,  inter-columniation 
should  always  deserve  the  name  of  eustyle,  or  well-propor 
tioned,  by  being  such  as  satisfies  the  eye,  and  contributes  to 
the  particular  character  that  befits  the  occasion,  and  har 
monises  with  the  other  proportions  of  the  structure,    Pyc- 
nostyle,  or  close  spacing,  carries  with  it  the  expression  of 
both  richness  and  strength,  the  solids,  or  columns,  being 
very  little  less  than  the  voids  or  inter-columBs.    Arseostyle, 
or  wide  spacing — and  ditriglyphic  Doric  inter-columniation 
may  be  called  such — produces  an  effect  of  openness  and 
lightness,  but  also  partakes  of  meagreness  and  weakness, 
owing  to  the  want  of  sufficient  apparent  support  for  the 
entablature — a  very  frequent  fault  in  modern  architecture, 
where  frugality  ELS  to  columniation  has  often  been  allowed  to 
produce  a  degree  of  poverty,  which  contrasts  very  disagree 
ably  with  that  of  the  decoration  affected  by  the  Order  itself. 
Inter-columniation  ought  to  be  made  to  depend,  in  some 
measure,  upon  the  nature  of  the  composition:  a  tetrastyle 
portico,  for  instance,  or  a  distyie  in  antis,  admits  of  wider 
inter-columniation  than  would  be  suitable  for  an  octrastyle; 
because  pycnostyle,  where  there  are  only  three  inter-columns, 
would  produce  too  great  narrowness  of  general  proportions 
for  a  portico. 

Hardly  is  there  need  for  observing,  that,  be  their  propor 
tions  what  they  may,  the  inter-columns  in  a  colonade  or 
portico  must  be  all  alike;  nevertheless,  in  a  Grecian  Doric 
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portico  there  is,  as  we  have  seen,  some  difference,  the  two 
extreme  inter-columns  being  there  narrower  by  the  width  ot 
half  a  triglyph.  There  is,  besides,  another  exception  from 
the  general  principle;  for  the  centre  inter-colunin  of  a  portico 
was  frequently  made  somewhat  wider  than  the  others,  in 
order  to  mark  the  entrance,  and  the  better  to  display  and 
Afford  greater  space  for  access  to  the  door  within. 

One  mode  of  columniation  and  inter-columniation  which 
remains  to  be  spoken  of,  is  that  which  has  been  sometimes 
practised  by  modern  architects,  and  combines  the  two  ex 
tremes  of  pycnostyle,  or  still  closer  inter-colummation  and 
araeostyle.  This  consists  in  coupling  the  columns,  and  mak 
ing  a  wide  inter-column  between  every  pair  of  columns;  so 
that,  as  regards  the  average  proportion  between  solids  and 
voids,  that  disposition  does  not  differ  from  what  it  would  be 
were  the  columns  placed  singly. 

Although  denounced  by  some  critics,  more  especially  Alga- 
ratti,  as  altogether  licentious  and  indefensible,  and  although 
it  is  not  to  be  specially  recommended  or  indeed  practicable 
on  every  occasion,  the  coupling  of  columns  may,  under  some 
circumstances,  be  not  only  excusable,  but  advisable  and 
proper.  As  is  the  case  with  almost  everything  else  in  mat 
ters  of  art,  all  depends  upon  how  it  is  done,  and  whether 
with  or  without  sufficient  reason.  That  there  is  no  classical 
authority  for  it,  is  no  valid  reason  against  it ;  in  the  consti 
tution  of  the  ancient  temples  there  was  nothing  to  require  or 
motive  it  It  may  be  conceded,  however,  that  coupled 
columns,  forming  a  prostyle  surmounted  by  a  pediment,  are 
objectionable;  because  where  so  strong  a  resemblance  to  the 
antique  model  is  preserved  in  other  respects,  a  departure  from 
it  in  regard  to  the  disposition  of  the  columns  has  a  disturb 
ing  effect. 

Having  gone  through  the  Classical  Orders,  and  explained 
their  elements  and  constitution,  we  have  performed  as  much 
as  we  purposed  or  as  we  promised.  Within  the  same  com 
pass  we  might,  no  doubt,  have  touched  upon  a  great  deal 
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besides  that  to  the  study  of  Greek  and  Roman  Architecture, 
by  restricting  ourselves  to  bare  matter-of-fact,  and  suppress 
ing  all  comment,  and  so  treating  the  subject  drily  and  super 
ficially.  Proceeding  upon  the  principle  wiultum  Mud  multa,, 
we  have  aimed  at  nothing  more  than  to  initiate  the  reader  in 
such  a  manner  as  to  excite  interest  in  the  subject  and  stimu 
late  further  inquiry.  Should  we  have  effected  that,  we  shall 
have  gained  our  purpose.  Although  the  Orders  have  been 
classified  according  to  the  old  division,  the  reader  must  re 
member  that  it  is  not  expected  that  he  shall  be  a  plodder 
who  works  by  rate  and  routine.  Much,  very  much  indeed, 
will  have  been  learned  by  the  reader,  should  he  have  learned, 
or  have  been  put  in  the  way  of  learning,  to  look  upon  those 
various  compositions  in  the  several  Orders,  not  mrdy  with 
eyes  of  a  Builder  or  a  Mechanic,  but  with  the  intuition  and 
the  feeling  of  an  Artist;  in  short,  to  look  upon  them  as 
general  types  to  be  diligently  studied,  and  then  imitated  with, 
congenial  gusto 
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BOOK     II. 


SKETCHES  OF  THE  HISTORY  AND  DESCRIPTION  OP  THE  STYLES  OF 
AECHITECTTJKE  OF  VAEIOUS  COUNTRIES,  FROM  THE  EARLIEST  TO  THB 
PRESENT  TIME. 

CHAPTER  I. 

Architecture  of  various  Countries. 

IN  an  attempt  to  trace  the  origin  of  Architecture,  with  a 
view  to  a  history  of  the  Styles  that  prevailed  in  this  and 
othex  countries,  it  will  be  quite  unnecessary  to  give  any  ac 
count  of  the  different  kinds  of  tents,  huts,  and  other  timber 
erections  used  as  the  early  habitations  of  mankind,  resulting 
from  the  necessity  of  protection  from  the  inclemency  of  the 
seasons,  and  which  required  little  skill  or  knowledge  of  con 
struction.  Our  purpose  is  to  refer  only  to  such  ancient  erec 
tions  of  durable  materials  as  evince  a  knowledge  of  some  sys 
tematic  construction,  or  were  the  source  from  which  pro 
ceeded  all  that  can  properly  be  called  Architecture. 

Nineveh,  Babylon,  and  Egypt. 

The  first  city  that  contained  solid  and  durable  edifices  was 
Nineveh,  the  capital  of  the  Assyrian  empire  and  the  residence 
of  the  Assyrian  kings,  founded  by  Asshur,  the  great-grandson 
of  Noah.*  Jonah  speaks  of  it  as  an  exceeding  great  city  of 
three  days'  journey  :"f  it  is  described  by  Strabo  as  larger 
than  Babylon:  the  walls,  according  to  Diodorus,  were  100 
feet  high,  and  so  broad  that  three  chariots  might  be  driven  on 
them  abreast:  upon  the  walls  stood  1500  towers,  each  200  feet 
in  height;  and  the  whole  was  so  strong  as  to  be  deemed  im 
pregnable.  That  this  city  must  have  been  one  of  great  gran 
deur  at  a  very  early  period,  there  can  be  little  doubt.  It  is 
mentioned  as  a  place  of  great  commercial  importance,  ,anJ 

*  Genesis  x.  U.    "  Out  of  that  land  went  Asshur,  and  fcuilded  Nineveh." 
t  Chap.  iii.  3. 


OF  ARCHITECTURE.  55 

*'  its  merchants  as  more  than  the  stars  of  heaven."  Ninevei 
was  taken  by  the  Medes  under  Arbaces,  in  the  eighth  century 
B.C.,  when  it  was  nearly  destroyed;  and  quite  so,  when  taken 
by  Cyaxeres,  625  B.C.  All  that  now  remains  on  each  side 
of  the  Tigris  of  this  once  splendid  city,  has  the  appearance 
of  a  range  of  hills,  from  which  large  stones  and  bricks  con 
nected  with  bitumen,  on  which  are  inscriptions,  are  frequently 
dug  up. 

The  next  city  noted  for  its  early  origin  was  Babylon, 
founded  by  ISTimrod,  son  of  Gush,  and  grandson  of  Ham.*  It 
is  described  by  the  ancient  writers,  Strabo  and  Qnintus  Gur- 
tius,  as  a  city  of  great  strength  and  magnificence.  So  great 
was  the  circuit  of  its  walls  that  there  was  pasture  and  arable 
land  within  them  sufficient  to  support  the  whole  population 
during  a  long  siege.  According  to  Herodotus,  the  walls 
were  50  cubits  thick  and  200  in  height,  built  of  bricks  made 
from  the  earth  which  was  dug  out  of  the  ditch  that  surrounded 
the  city.  In  the  walls  were  100  gates  made  of  brass,  as 
well  as  the  jambs  and  lintels.  It  has  been  said,  that  if  there 
was  a  city  which  seemed  to  bid  defiance  to  any  predictions 
of  its  fall,  that  city  was  Babylon,  for  a  long  time  the  most 
famous  city  of  the  old  world,  whose  walls  were  reckoned 
amongst  its  wonders. 

The  ruins  that  have  been  discovered  on  each  side  of  the 
Euphrates  confirm  the  accounts  which  have  descended  to  us 
of  its  splendor,  although  nothing  now  remains  but  large  mass 
es  of  brick-work  laid  on  lime  mortar  of  good  quality.  On 
the  eastern  side,  it  is  supposed,  are  the  remains  of  the  great 
temple  of  Belus,f  which,  according  to  Diodoras,  was  higher 
than  the  largest  pyramid.  Among  the  ruins  are  to  be  found 
fragments  of  alabaster  vessels,  fine  earthenware,  marble,  and  ^ 
great  quantities  of  varnished  tiles,  whose  glazing  and  coloring 
are  still  fresh 

*  G-enesis  x.  10.  "And  the  beginning  of  Hs  kingdom  was  Babel."1 
f  The  temple  of  Belus,  as  described  by  Herodotus,  wa«  of  a  pyramiilal  form,  simi 
lar  to  the  Hindoo  temple  &i  Tanjore,  and  the  gregt  Mexican  temples,     It  waa 
founded  by  SemiramiSj  1650  B.C. 
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Of  what  date  these  are,  it  is  impossible  to  conjecture,  aa 
so  liMe  information  exists  on  this  interesting  subject.  We 
are  told  .that  in  the  time  of  Semiramis,  Queen  of  Assyria, 
1665  B.  c.,  an  extensive  and  splendid  palace  existed  on  each 
side  of  the  Euphrates,  connected  by  a  tunnel  under  the  river, 
and  likewise  that  a  bridge  was  built  by  Mtocris  to  connect 
the  two  parts  of  the  city  divided  by  the  Euphrates.  The 
piers  were  of  large  hewn  stones,  in  order  to  erect  which  the 
course  of  the  river  was  diverted,  and  its  bed  left  dry. 

The  city  was  brought  to  its  highest  degree  of  perfection 
by  Nebuchadnezzar,  about  the  year  600  B.  o.;  but  its  splen 
dor  must  have  been  of  short  duration,  as  about  60  years 
after  the  death  of  that  monarch,  and  during  the  reign  of 
Belshazzar,  it  was  taken  by  Cyrus.  From  that  time  it 
gradually  declined,  and  afterwards  became  a  part  of  the 
great  Persian  monarchy. 

The  Egyptian  Thebes,*  situated  near  the  southern  extrem 
ity  of  that  empire,  is  the  most  ancient  city  of  whose  buildings 
any  remains  exist  at  the  present  time.  The  period  of  its 
foundation  ascends,  probably,  to  the  same  antiquity  as  that 
of  Nineveh  and  Babylon.  It  was  the  first  seat  of  the 
Egyptian  government,  f  which,  at  an  early  period,  was 
transferred  to  Memphis,  near  the  northern  extremity  of  the 
empire.  Erom  this  time,  its  importance  declined;  but  the 
imperishable  nature  of  the  materials,  and  the  immensity  ol 
its  masses,  have  preserved  the  buildings  for  more  than  three 
thousand  years.  Memphis,  less  fortunately  situated,  by 
being  nearer  the  line  of  communication  between  Asia  and 
Africa,  has  been  more  subject  to  the  destructive  caprices  of 
man,  and  has  disappeared  from  the  face  of  the  earth.*  At 

*  The  most  ancient  name  of  Thebes  is  Pathros,  and  it  was  so  called  from  Path- 
ruism,  son  of  Mizraim  and  son  of  Ham.    Mlzraim  was  the  first  occupier  of  the 
coumry  of  Egypt. 

•f  The  first  king  mentioned  is  Menes,  who  is  supposed  to  have  lived  2000  B.C.,  and 
contemporary  with  the  era  of  the  Chinese  emperor  G*io,  with  whom  the  historical 
j^eriod  of  China  begins. 

*  Egypt  was  conquered  Tby  CarabyseSj  525  years  B.  c. ;  after  which  time  it  became 
*  province  of  Persia. 
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present  the  site  of  the  city  of  Thebes  is  occupied  by  four 
principal  Tillages, — Luxor  and  Karnac  on  the  eastern  side, 
Gournah  and  Medinet-Abou  on  the  western  side  of  the 
river.  The  buildings  and  sculpture  of  this  gigantic  "city 
of  a  hundred  gates,"  still  extant,  are  the  most  ancient  that 
exist  in  Egypt,  and  are  the  best  and  most  genuine  specimens 
of  Egyptian  art  and  architecture;  for  there  is  every  reason 
to  believe  that  by  far  the  greater  part  were  executed  before 
Egypt  had  yet  experienced  the  influence  of  the  Greeks,  and 
long  before  the  Persian  invasion. 

The  ruins,  chiefly  consisting  of  temples,  colossi,  sphinxes, 
and  obelisks,  occupy  nearly  the  whole  extent  of  the  valley 
of  the  Nile,  a  space  of  six  miles  from  east  to  west.  On  the 
western  side,  where  the  ruins  of  this  vast  city  terminate, 
those  of  the  "city  of  the  dead"  commence,  among  which 
there  are  tombs  excavated  in  the  rocks,  and  decorated  with 
paintings — still  as  fresh  as  though  the  artist's  hand  had  been 
engaged  upon  them  but  a  few  weeks  past. 

The  principal  remains  of  Egyptian  architecture  (chiefly 
temples)  are  to  be  found  on  the  banks  of  the  Nile,  and 
extend  from  Cairo  to  Nubia,  a  distance  of  500  miles.  The 
peculiarity  observable  in  all,  is  the  great  sublimity  of  the 
masses,  the  grandeur  and  severity  of  every  line,  by  which 
their  buildings  bear  the  stamp  of  that  sentiment  of  eternal 
duration  which  they  were  always  so  anxious  to  realize  in 
their  monuments. 

At  a  very  early  period  the  Egyptians  were  extremely 
skilful  in  working  stone,  an  art  in  which  they  have  never 
been  surpassed.  The  large  blocks  of  stone  of  which  their 
temples  are  composed  are  well  squared,  and  so  laid  that  the 
joints  are  scarcely  visible. 

The  most  interesting  and  complete  temple  in  the  whole 
valley  of  the  Nile  is  that  of  Edfou,  about  25  miles  above 
Thebes.  This  great  and  magnificent  temple  Is  one  of  the 
largest  in  Egypt,  and  is  in  comparatively  good  preservation. 
Its  form  is  rectangular,  and  its  general  dimensions  450  feet 
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by  140  feet.  In  the  centre  of  one  of  the  sides  Is  the  entrance 
between  two  sloping  towers,  100  feet  in  length  by  32  feet  in 
width,  on  the  surface  of  which  are  represented  some  colossal 
figures;  and  above  these  are  two  rows  of  smaller  ones,  sup 
posed  to  be  the  divinities  of  the  temple,  receiving  the  offer 
ings  of  the  Ptolemies.  Within  is  a  court,  surrounded  by  a 
colonnade  on  three  sides,  and  on  the  side  facing  the  entrance 
is  a  beautiful  pronaos  or  portico,  of  eighteen  columns:  beyond 
this  is  another  of  smaller  dimensions ;  and  further  on  are  the 
walls  which  protect  the  sanctuary  and  its  dependencies:  these 
are  so  completely  filled  up  with  sand  and  soil,  that  it  is  nearly 
impossible  to  reach  them.  All  the  columns,  friezes,  and  cor 
nices,  and  the  whole  surfaces  of  the  walls,  inside  as  well  as 
out,  both  of  the  pronaos  and  court,  are  covered  with  symboli 
cal  sculptures,  hieroglyphical  inscriptions,  and  representations 
of  offerings  to  their  divinities. 

Of  all  the  works  of  the  ancient  Egyptians,  those  which  have 
caused  the  greatest  wonder  to  the  world  at  large  are  the 
Pyramids  of  Gizeh,  supposed  by  Sir  Gardner  Wilkinson  to 
have  been  erected  2120  years  B.C.*  Herodotus  dates  the 
Great  Pyramid  about  900  years  B.C.,  or  about  450  years 
before  he  visited  Egypt.  Chevalier  Bunsen  places  them 
about  2000  years  before  that  period;  and  this  is  confirmed 
by  the  opinions  of  Champollion  and  Rosellini. 

The  Great  Pyramid,  said  to  have  been  built  by  Cheops,  f  is 
tOO  feet  square  at  the  base,  and  470  feet  in  height;  the  second 
is  650  feet  square,  and  160  feet  in  height;  the  third,  400  feet 
square,  and  160  feet  in  height.  About  300  paces  from  the 
second  pyramid  stands  the  gigantic  statue  of  the  Sphinx, 
whose  length,  from  the  forepart  to  the  tail,  has  been  found  to 
be  125  feet.  Belzoni  cleared  away  the  sand,  and  found  a 
temple  between  its  legs,  and  another  in  one  of  its  paws. 

The  mechanical  skill  of  the  Egyptians  is  shown  in  their 
quarrying  and  working  stone;  and  the  means  that  must  ha\  t* 

*  And  attributed  by  him  to  Suphis  and  Ren-supMs. 
f  The  other  two  by  Cephrenes  and  Mycerinus. 
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been  u&;ed  to  convey  such  immense  blocks  of  stone  as  we  find 
in  their  works,  from  qnarries  situated  at  a  distance  from  them, 
naturally  surprise  us. 

The  obelisks  of  Thebes  and  Heliopolis  vary  in  size  from  70 
to  93  feet  in  length,*  and  are  built  of  one  stone.  The  largest 
in  Egypt,  which  is  at  the  great  temple  at  Karnac,  is  calculated 
to  weigh  297  tons,  and  was  brought  about  138  miles  from 
the  quarry.  Those  at  Heliopolis  passed  ov.er  a  space  of  800 
miles. 

The  two  colossal  statues  in  a  sitting  attitude  (one  of  which 
is  the  vocal  Memnon),  are  each  of  a  single  block,  47  feet  in 
height,  and  contain  11,500  cubic  feet:  they  are  carved  Iron 
stone  not  known  within  several  days'  journey  from  the  place 
where  the  statues  are  found;  and  at  Memnonium  is  a  colossal 
statue,  which,  when  entire,  weighed  887  tons.  The  raising 
of  the  obelisks  is  considered  a  far  greater  test  of  mechanical 
skill  than  the  transport  of  these  prodigious  weights;  but  into 
the  mode  that  was  adopted  we  have  no  insight  from  any  re 
presentations  yet  discovered. 

Of  the  taste,  style,  and  character  of  Egyptian  Architecture, 
little  can  be  said  beyond  admiration  at  the  immensity  of  the 
works,  and  the  patience  with  which  they  must  have  been 
accomplished. 

The  masses  of  material  which  the  country  produced 
measured  their  efforts  and  conceptions,  and  their  Inven 
tion  was  exhausted  by  a  very  restricted  number  of  combi 
nations. 

Their  monuments  are  admirable  for  grandeur  and  solidity. 
and  they  have  a  truly  imposing  effect;  but  we  can  only  con 
sider  them  as  part  of  the  history  of  Architecture  and  Art, 
because  the  ornaments  and  sculpture,  originating  from  a 'sym 
bolical  religion  peculiar  to  the  Egyptians,  admit  of  no  revival. 
even  were  art  more  immediately  connected  with  them. 

The  columns  are  evidently  a  representation  of  a  bundle 
of  reeds  or  lotus-stems,  tied  together  at  the  top  and  base,  the 

*  Sir  Gardner  Wilkinson  *s  **  Manners  and  Customs  o*  the  Ancient  Egyptians." 
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leaves  of  which,  as  well  as  those  of  the  palm,  are  chiefly  used 
in  ornamenting  the  capitals. 


CHAPTER  II. 

Grecian  Architecture. 

ARCHITECTURE  "and  Art  have  been  always  progressive,  and 
have  not  appeared  at  once  in  full  perfection;  yet,  in  our  ad 
miration  of  their  perfection,  we  do  not  always  consider  the 
history  of  their  progression,  or  the  sources  from  whence  they 
sprang.  No  style,  with  the  exception  of  the  Egyptian,  was 
the  spontaneous  growth  of  the  soil  on  which  it  nourished,  or 
proceeded  directly  from  the  nations  that  practised  it;  the 
the  germs  of  all  other  styles  were  borrowed  from  people 
whose  habits  and  religious  customs  were  totally  dissimilar; 
and  its  advances  or  improvements  were  the  natural  results 
of  civilization,  caused  by  intercourse  with  other  nations  in 
times  of  peace,  or  by  the  adoption  of  all  that  was  worthy 
of  imitation  in  conquered  states,  during  the  incessant  wars 
that  were  carried  on  in  the  eastern  parts  of  the  world. 

Thus  was  it  with  the  much-admired  Architecture  and  Arts 
of  Greece  and  Rome,  so  that  centuries  elapsed  ere  any  thing 
worthy  of  those  terms  was  to  be  found  in  either  empire. 

G-reece  was  divided  into  a  number  of  petty  states,  which,  in 
dependent  of  each  other,  and,  therefore,  necessarily  rivals,  sur 
rounded  themselves,  as  a  means  of  protection,  with  thick  walls, 
long  before  they  had  learned  the  art  of  building  temples,  and 
when  their  huts  or  houses  were  of  the  rudest  character.  The 
first  erections  were  their  acropoles,  invariably  situated  on 
eminences  which  were  converted  into  citadels,  and  served  for 
places  of  security  when  the  population  became  too  numerous 
to  remain  in  them,  and  had  spread  themselves  over  the  sur 
rounding  plains.  The  acropoles  usually  contained  all  things 
of  the  greatest  value  to  the  community,  such  as  the  public 
treasures,  the  archives,  and  the  temples  of  the  tutelary 
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divinities;  indeed,  they  were  to  the  Greeks  what  the  capitol 
was  to  the  Romans. 

The  oldest  remains  of  walls  and  acropoles  exist  at  Tiryns, 
or  Tyrinthus,  and  Mycense,  near  Argus,  in  the  Morea,  and  are 
said  to  have  been  built  by  the  Cyclopes,  a  tribe  which  is  sup 
posed  to  have  arrived  from  Thrace  or  Phoenicia,  and  settled 
in  Asia  Minor.  The  date  of  the  masonry  is  supposed  to  be 
coeval  with  the  time  of  Abraham,  who  arrived  in  Canaan  B.  c. 
1917.*  Sir  William  G-ell  makes  the  date  of  the  buildings  B.  c. 
1 3 1 9 .  All  that  at  present  exists  of  Tiryns  consists  of  portions 
of  the  walls  of  the  acropolis,  which  are  from  21  to  25  feet  in 
thickness,  aud  45  feet  in  height,  built  of  tremendous  blocks 
of  stone,  from  10  to  13  feet  long,  and  4  feet  4  inches  thick.  In 
the  thickness  of  these  walls  are  two  ranges  of  galleries,  each  5 
feet  broad  and  about  12  feet  high:  the  shape  of  these  passages 
is  triangular,  the  sides  sloping  upward  until  they  meet.  This 
form  was  obtained  by  making  the  horizontal  courses  of  mason 
ry  project  one  beyond  the  other,  the  edge  of  each  course  being 
splayed  off  so  as  to  give,  from  the  interior,  very  much  the 
apppearance  of  a  kind  of  arch  having  been  constructed.  They 
probably  conducted  round  the  whole  of -the  citadel,  and  were 
used  as  shelters  for  the  garrison  during  the  night  or  bad 
weather.  Mr.  Woodsf  says,  that  no  tool  seems  to  have  been 
applied  to  the  stone,  but  that  the  rude  masses  are  merely 
heaped  on  one  another,  taking  care  in  the  position  of  each  suc 
cessive  block  to  place  it  where  it  would  most  exactly  fit  into- 
the  work,  and  most  probably  keeping  the  smoothest  side  out 
wards  to  form  the  face  of  the  work.  The  workmanship 
of  these  walls  is  nothing  more  than  that  of  the  modern  fencing 
without  mortar,  the  interstices  between  the  larger  stones  being 
filled  up  with  others  of  smaller  size,  nnworked,  and  merely 
heaped  on  one  another.  Pausanias  informs  us,  that  when  the 
Argives  attempted  to  destroy  Tiryns,  the  walls  were  so  strong 
that  they  could  not  throw  them  down:  he  also  describes  them 


*  Fosbroke, 

f  "  Letters  on  Architecture, "  2  Yols,  4to. 
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to  be  equally  worthy  of  admiration  with  the  Pyramids  of 
Egypt.f 

The  next  city  connected  with  Greece  that  demands  our 
notice,  on  account  of  its  early  fortifications  and  acropolis, 
of  which  parts  exist  at  the  present  time,  is  Mycenae,  neai 
Argos,  likewise  built  by  the  Cyclopes,  or  by  Mycenseus, 
B.  c.  1700,  and  considerably  enlarged  by  Perseus  about 
B.  c.  1390.  The  walls  of  this  city,  like  those  of  Tiryns,  are 
in  some  places  built  of  rough  stones,  from  8  to  9  feet  in 
length:  when  entire,  they  must  have  been  60  feet  high, 
although  at  present,  in  the  most  perfect  part,  their  height  is 
only  43  feet.  The  general  thickness  is  21  feet,  but  in  some 
places  25  feet,  and  they  are  mostly  constructed  of  well- 
jointed  polygonal  stone.  Some  remains  of  towers  are  dis 
cernible. 

"The  Gate  of  the  Lions"  owes  its  celebrity  to  the  basso- 
relieTO  by  which  it  is  surmounted,  the  subject  of  which  is 
two  lions,  with  their  fore-paws  resting  on  a  pedestal:  from 
this  the  gateway  takes  its  name.  This  sculpture  (on  a 
triangular  stone  over  the  architrave)  is  the  most  ancient 
specimen  of  this  kind  of  Grecian  art;  it  is  10  feet  6  inches 
wide  at  the  base,  and  9  feet  in  height:  between  the  lions  is 
a  semi-circular  pillar,  bearing  some  resemblance  to  the  Doric 
Order,  although,  contrary  to  the  general  usage,  it  increases 
in  size  from  the  bottom  to  the  top.  The  date  of  this  sculp 
ture  is  supposed  by  some  to  be  nearly  coeval  with  the  other 
part.  Pausanias  mentions,  that  in  his  day  it  was  reported 
to  be  the  work  of  the  Cyclopes:  however  this  may  be,  there 
can  be  little  doubt  but  that  it  is  the  oldest  specimen  of  Gre 
cian  sculpture  now  existing.  The  architrave  over  this  gate 
is  of  one  stone,  15  feet  long,  and  4  feet  4  inches  in  height, 
and  in  it  are  visible  sockets  of  about  3  inches  in  diameter, 
which  received  the  pivots  upon  which  the  gates  turned. 

f  Sir  William  GeU  states,  that  on  the  centre  of  the  architrave  of  the  gates  are 
Holes,  which  leads  him  to  suppose  that  the  gates  were  hung  from  large  central 
pivots,  so  that  one  side  opened  inwards,  while  the  others  advanced. 
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We  may  Jiere  mention  a  subterranean  building  at  Mycenae, 
known  as  the  Treasury  of  Atreus,  the  father  of  Agamemnon:* 
the  principal  chamber  is  of  a  circular  form,  48  feet  in  diam 
eter,  and  about  49  feet  in  height.  The  cohering  of  this 
building  has  the  appearance  of  the  inside  of  a  dome,  which 
has  led  some  authors  to  suppose  that  the  arch  was  known 
in  Greece  at  a  Tery  early  period ;  but  it  is  now  ascertained 
that  the  principle  of  the  arch  does  not  exist  in  it,  as  the 
construction  is  the  same  as  in  the  arched  passages  at  Tiryns 
the  courses  are  horizontal,  each  projecting  beyond  the  other 
with  the  lower  angles  cut  away  until  they  meet  at  the  apex, 
which  consists  of  one  Tery  large  stone.  Beyond  this  is  a 
vault  or  inner  chamber,  in  the  walls  of  which,  as  well  as 
those  of  the  larger  chamber,  are  a  number  of  bronze  nails, 
which  in  all  probability  were  used  to  fasten  plate  of  metal 
to  the  walls ;  a  custom  doubtless  resorted  to  on  some 
occasions,  as  we  read  of  "  brazen  chambers"  and  "  bra 
zen  temples."f  The ,  courses  of  stone  in  this  bulld- 

*  Atrens  came  to  the  throne  of  Argos  927  B.  c. 

f  There  are  other  Instances  of  subterraneous  chambers  being  lined  with  thin 
plates  of  metal ;  that  at  Argos,  in  which  Aeiisius  confuted  Ms  daughter,  was  prob 
ably  similar  to  those  of  the  adjacent  rival  city.— Vide  Donaldson's  :  Description  of 
the  Subterranean  Chamber  at  Mycenae.' 
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ing  are  regular, 
although  of  un 
equal  size,   and 
laid  without  ce 
ment  :  the  lintel 
of  the  door  is  of 
one    piece     of 
stone,  of  about 
27  feet  long,  17 
feet    wide,   and 
3  feet  9  inches 
thick,     and    is 
calculated       to 
weigh  about  133 
tons  ;  a  mass  of 
stone   to  which 
none     can     be 
compared,     ex 
cepting      those 
used  in  Egypt.* 
Notwithstand 
ing  the  magni 
tude    of    these 
works,   the  sci 
ence  of  Mechan 
ics  was  in  its  in 
fancy,   and    the 


*  Mr  Donaldson  states  that  "  there  are  numerous  buildings  and  excavations 
in  Egypt,  Sicily,  and  Italy,  constructed  in  a  manner  similar  to  this  subterraneous 
chamber.  In  the  Memnonium  at  Thebes  is  an  oblong  chamber,  covered  by  a  semi 
circular  vaulting,  the  stones  of  which  have  horizontal  courses  projecting  beyond 
each  other  as  they  advance  in  height,  so  as  to  produce  that  curvilinear  form. 
Near  Noto  in.  Sicily,  in  the  district  of  Falconara,  on  the  road  from  Mititello  to  Vizzi; 
also  in  Sardinia,  where  these  chambers  are  known  by  the  name  of  Norages  ;  and  at 
Tusculum,  near  Rome,  the  same  construction  exists  ;  but  in  none  of  these  do  we 
possess  such  correct  dates  as  Pausanias  and  history  itself  furnish  of  those  of 
Orcomenus  and  Mycenae."— Vide  supplementary  volume  to  the 'Antiquities  of 
Athene,' 
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Greeks  bestowed  but  little  attention  on  their  private  houses: 
all  the  splendor  and  magnificence  of  art  was  reserved  for  the 
embellishment  of  their  temples  and  other  public  buildings.* 
The  most  splendid  period  of  the  Grecian  history  was  be 
tween  the  sixth  and  fourth  centuries  before  the  Christian 
era,  during  the  tune  of  the  wars  that  were  carried  on  be 
tween  the  Persians  and  the  principal  states  of  Greece,  and 
to  which  the  greatest  prosperity  of  the  Athenians  may  be 
attributed:  literature  was  cultivated,  and  the  arts  of  archi 
tecture  and  sculpture,  which  were  employed  to  ornament  the 
city,  were  carried  to  a  degree  of  excellence  that  has  never 
been  surpassed.  Greece  was  conquered  by  the  Romans  146 
B.  c.,  and  became  a  Roman  province,  although  Athens  and 
Delphi  were  declared  as  free  towns.  Its  history  from  this 
period  is  without  interest  to  us  in  our  inquiry  into  the  pro 
gress  of  art.f  It  was  overrun  by  the  Goths  in  26*1  A.  D.,. 
and  again  in  398  A.  D.  under  Alaric;  and  after  being  occu 
pied  by  the  Crusaders  and  Venetians,  at  last  fell  into  the 
power  of  the  Turks,  on  the  conquest  of  Constantinople.  J 


CHAPTER  HI. 
Roman  Architecture. 

THE  Architecture  of  the  Romans  can  scarcely  be  said  to 
be  original ;  it  was  unquestionably  borrowed  from  the 
Etruscans.  Etruria,  a  city  of  Italy  now  called  Tuscany,  is 
supposed  to  have  been  a  colony  of  Greece.  This  opinion  has 
been  formed  by  the  great  solidity  of  the  walls  that  sun  ound 
their  cities,  consisting  of  enormous  blocks  of  stone,  similar 

*  One  remark  may  not  be  out  of  place  here,  which  will  explain  the  mode  of 
deciding  on  the  date  of  the  temples,  viz.,  that  in  the  earliest  the  diameter  of  th* 
col; nans  was  greater  in  proportion  to  their  height,  and  the  intercolumniatioim 
were  less,  than  those  of  a  later  period, 

f  See  pag-e  265  for  farther  descriptions  of  Grecian  ArcMtectrare. 

£  The  cloaca,  or  sewers,  which,  extended  under  the  -whole  of  Rome,  were  a  wsMrk 
on  -which  time  and  expense  were  not  spared;  they  were  of  wrought  stone,  and  ia 
height  and  breadth  were  so  considerable  that  a  cart  loaded  with  hay  could  pass 
through  them 
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to  the  masonry  of  the  Cyclopes,  and  said  to  be  coeval  wltti 
the  walls  of  Tiryns,  Mycenae,  and  other  works  of  a  very  early 
age.  The  instruction  in  the  art  of  building  that  the  Romans 
received  from  the  Etruscans  was  not  probably  before  the 
time  of  the  Tarquins,  540  B.  a,  when  their  edifices  began 
to  be  constructed  on  fixed  principles.  The  first  Tarquin, 
who  was  a  native  of  Etruria,  did  much  towards  the  improve 
ment  of  Rome,  and  brought  from  his  native  country  a  taste 
for  that  grandeur  and  solidity  which  prevailed  in  the  Etrus 
can  works.  Under  his  reign  the  city  was  fortified,  and  the 
walls  built  of  hewn  stone.  The  reign  of  the  second  Tarquin 
was  distinguised  by  the  erection  of  temples,  schools  for  both 
sexes,  and  halls  for  the  administration  of  justice  :  this  w&-« 
about  508  B.  c.  :  but  to  Tarquinius  Superbus,  the  seventh 
and  last  king,  Rome  was  indebted  for  its  greatest  improve 
ments  ;  he  continued  the  building  of  the  temple  of  Jupiter 
Capitolinus,  finished  the  Circus  and  other  public  buildiiigs, 
and  made  a  regular  drainage  of  the  city  to  the  Tiber.* 

It  will  be  impossible  to  trace  the  Architecture  of  the 
Romans  through  its  various  stages  between  the  time  of  the 
last  king,  508  B.  c.,  and  the  subjugation  of  Greece  by  that 
people  in  145  B.  c.,  a  period  of  863  years.  The  disputes 
in  which  they  were  continually  engaged  left  little  leisure  for 
the  arts  of  peace.  During  the  time  that  Appius  Claudius 
was  Censor,  about  309  B.  c.,  the  earliest  paved  road  was 
made  by  the  Romans  ;  it  was  first  carried  to  Capua,  and 
afterwards  continued  a  length  altogether  of  350  miles  :  it 
was  paved  with  the  hardest  stone,  and  it  remains  entire  at 
the  present  day.  To  Appius  Claudius  belongs  the  honor  of 
raising  the  first  aqueduct :  the  water  with  which  it  supplied 
the  city  was  collected  from  the  neighborhood  of  Frascati, 
about  100  feet  above  the  level  of  Rome. 

The  materials  for  carrying  on  a  continuous  investigation 

*  We  have  been  compelled  to  go  into  the  general  history  of  the  nations  in  which 
Architecture  has  originated,  as  it  is  nearly  impossible  to  give  the  history  of  one 
without  the  other  An  improvement  in  art  has  invariably  been  caused  by  som« 
great  change  in  the  policy  or  religion  of  nations. 
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of  the  styles  of  the  Roman  buildings  are  so  scanty,  that  we 
will  not  detain  the  reader  with  useless  speculations,  but  at 
once  proceed  to  that  period  when  Greece  was  reduced  to  a 
Eoman  province,  145  B.  c.  Art,  in  the  strict  application 
of  that  word,  was  not  properly  understood  Iby  the  victorious 
Romans  at  this  time;  but  after  a  succession  of  triumphant 
wars,  when  immense  treasure  was  brought  to  Rome,  and 
they  wished  to  celebrate  their  victories,  there  became  a 
necessity  for  erections  to  record  them,  and  the  riches  that 
were  amassed  were  expended  in  the  adornment  of  Rome. 

The  Greek  Architects  who  settled  in  Italy  executed  works 
of  great  beauty;  they  founded  a  school  of  art,  and  modified 
that  which  were  practised  in  their  own  country,  to  suit  the 
habits,  taste,  and  climate  of  the  Romans.  The  Romans 
were  at  all  times  anxious  to  subjugate,  for  their  own  purposes, 
those  nations  that  successfully  cultivated  the  arts;  a  motive 
which,  joined  to  the  desire  of  aggrandizement,  induced  them 
at  a  very  early  period  to  carry  their  arms  against  the  Etrus 
cans,  who  were  in  a  far  higher  state  of  civilization  than  them 
selves.  We  find  that  they  drew  supplies  of  artists  from  Sicily, 
Asia  Minor,  and  Greece,  instead  of  employing  their  own 
citizens.  Although,  in  Rome,  Architecture  lost  its  simplicity, 
it  gained  in  magnificence:  it  there  took  a  deeper  root  than 
the  other  arts,  from  its  affording,  by  the  dimensions  of  its 
monuments,  more  splendor  to  the  character  of  so  dominating 
a  nation. 

The  first  effort  of  Architecture  was  shown  in  the  temple 
reared  to  Minerva  at  Rome,  by  Pompey  the  Great,  about 
60  years  B.  c.  The  villas  of  the  Romans  were  at  this  period 
of  considerable  extent:  the  statues  of  Greece  had  been 
required  for  their  decoration,  besides  a  plentiful  supply  of 
all  that  Greek  art  afforded.  We  find  that  Cicero  was  in  the 
habit  of  employing  two  Greek  architects,  Chrysipptis  and 
Clautius,  on  Ms  buildings. 

The  first  permanent  theatre  that  existed  in  Rome  was 
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built  by  Pompey,  54  B.  c.,  and  was  capable  of  containing 
40,000  persons. 

In  the  time  of  Augustus  (from  30  B.  c.  to  14  A.  D.)  we 
find  that  the  Italian  buildings  attained  a  point  of  magnifi 
cence  far  beyond  all  that  preceded.  The  conquest  of  nearly 
the  whole  of  the  then  known  world,  added  to  a  general 
peace,  allowed  the  soyereign  to  turn  his  thoughts  to  the 
improvement  of  Ms  country;  and  a  constellation  of  illustrious 
philosophers  and  poets,  who  shone  at  this  time  in  the  metrop 
olis  of  the  empire,  gave  the  minds  of  the  people  an  inclination 
towards  subjects  more  useful  and  honorable  than  the  conquest 
of  remote  and  unoffending  nations.  The  patronage  of  litera 
ture  with  the  fine  arts  by  Augustus  produced  the  most 
brilliant  results,  and  has  caused  a  veneration  for  the  age  in 
which  he  lived,  The  perfection  which  literature  and  archi 
tecture  attained  during  his  dominion  effected  more  towards 
immortalizing  Borne  than  all  the  conquests  of  its  emperors, 
and  raised  its  inhabitants  to  a  state  of  civilization  never 
before  equalled.  By  him  was  erected  the  temple  and  forum 
of  Mars  the  Avenger,  the  theatre  of  Marcellus,  and  a  large 
number  of  other  public  buildings.  His  boast  was  not  a  vain 
one,  when  he  asserted  that  he  found  his  capital  built  of  brick, 
and  he  left  it  of  marble. 

Nero  was  the  next  emperor  (with  the  exception  of  Clau- 
dius*)  who  seemed  to  have  given  Ms  attention  to  Architec 
ture  ;  but  his  buildings  must  be  considered  more  as  monu 
ments  of  his  prodigality  and  expenditure  than  of  correct 
taste.  A  palace  was  erected  for  him,  than  which  nothing 
could  be  more  gorgeous,  nor  could  the  pomp  of  decoration 
be  carried  further. 

The  reigns  of  Yespasian  and  Titus  are  justly  celebrated 
by  the  erection  of  baths  and  amphitheatres  of  such  magni 
tude  as  to  astonish  the  world,  and  to  which  nothing  of  their 

*  During  the  reign  of  Claudius,  one  of  the  finest  aqueducts  of  Rome  was  com- 
Dieted,  whose  length  is  46  miles,  and  the  water  passes  over  arches  raised  more 
ttian  100  feet  from  the  surface  of  the  ground  for  nearly  10  miles  of  it. 
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kind,  either  before  or  since,  will  bear  comparison.  The  Co 
liseum,  so  named  from  its  gigantic  dimensions,  was  com 
menced  and  finished  by  Tespasian  and  Titus:  it  was  capable 
of  containing  109,000  spectators,  who  could  view  the  sports 
and  combats  in  the  arena.  The  baths  of  Titus  were  among 
the  wonders  of  the  age ;  but  their  remains  are  not  so  perfect 
as  those  of  others,  although  they  are  still  majestic  *  The 
Temple  of  Peace,  the  largest  covered  building  of  antiquity, 
and  another  temple  dedicated  to  Minerva,  of  the  richest  and 
most  exquisite  workmanship,  were  erected  at  this  time,  from 
70  to  81  A.D. 

To  give  a  further  description  of  the  buildings  of  ancient 
Rome  would  be  unnecessary,  as  our  object  is  only  to  treat 
of  the  history  of  the  Styles  pf  Architecture,  to  show  the 
periods  at  which  they  attained  their  greatest  excellence,  and 
to  trace,  as  far  as  possible,  the  connection  of  one  with  the 
other.  We  therefore  pass  over  the  reigns  of  Trajan  and 
Hadrian,  celebrated  for  some  fine  architectural  works,  and 
proceed  to  the  styles  that  sprung  up,  on  the  decline  of  the 
empire,  among  those  nations  that  borrowed  their  first  prin 
ciples  of  art  from  the  Romans. 


CHAPTER  IV. 
Byzantium  and  Romanesque. 
From  the  time  of  Hadrian,  111  A.D.,  to  that  of  Constan- 

tine,  a  general  decline  in  the  Arts  took  place,  which,  how 
ever,  seemed  to  revive  in  the  reign  of  the  emperor,  and  many 
proofs  are  still  extant.  The  churches  that  were  built  imme 
diately  after  Gonstantke's  espousal  of  the  Christian  faith. 
The  basilica,  or  halls  of  justice  of  the  ancient  Romans,  were 
u:0ioubtedly  the  types  from  which  these  churches  were  taken; 
and  the  ruins  of  these  buildings  were  often  the  materials 
used.  The  columns  that  divide  the  centre  of  the  church 

*  The  "baths  of  Diocletian,  erected  2&4  A  D.,  were  of  great  extent  and  magrafi 
cence,  and  are  in  a  better  state  of  preservation  than  those  of  Titus 
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were  often  taken  from  old  buildings — :some  were  reduced  in 
height,  others  were  mounted  on  pedestals  to  suit  the  pur 
poses  to  which  they  were  applied. 
Among  the  edifices  demanding 
notice  are:  the  basilicia  of  St. 
Clement  at  Borne,  said  to  be 
built  on  the  spot  occupied  by  St. 
Clement,  the  immediate  successor 
of  St.  Peter.    This  is  the  only 
edifice  of  this  style  which  we  can 
describe  in  this  work.    It  is  en 
tered  by  a  court,  which  is  sur 
rounded  by  porticoes  and  sup 
ported  by  columns  and  piers ;  on 
the  sides  parallel  to  the  front  of 
the  church  arches  spring  from 
the  columns,  but  on  the  others 
there  are  only  architraves.    Un 
der  the  portico  nearest  the  tem 
ple  were  placed  the  holy-water- 
vases,  until  in  after  times  they 
were  removed  in  the  body  of  the 
church  at  the  western  door.  The 
centre  part  of  the  atrium  was  then 
used  for  burial  purposes.    The 
sacristy,     like     all     Christian 
churches  then,  was  semicircular 
in  plan,  and  the  altar,  the  throne  for  the  bishop,  and  exedra, 
or  benches  for  the  priests.     It  was  surmounted  by  a  half- 
cupola,    the    front    of  which    is   richly  ornamented  with 
marble  and  paintings  of   Christ  and   the    Saints.     The 
cupola  is  covered  with  paintings  of  foliage  on  a  gold  ground; 
the  remainder  of  this  semicircular  part,  known  by  the  name 
of  "  apsis,"  is  richly  ornamented  with  figures  of  the  Saints. 
On  each  side  of  the  apsis  were  small  apis  sides.     Cue  of 
them  was  called  the  vestiarium,  and  contained  the  priests' 
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robes  and  tlie  consecrated  Tessels ;  the  other,  the  evangelium, 
received  the  sacred  books,  charters,  &c.  &c.  This  arrange 
ment  still  exists  in  Greece.  The  chancel,  which  was  used  by 
the  inferior  ecclesiastics,  and  contained  the  pnlpit  and  am- 
bones,  was  situated  in  front  of  the  apsis,  and  enclosed  by  a 
low  partition  of  marble;  it  is  raised  one  step  from  the  level 
of  the  church.  The  floor  is  decorated  with  mosaics. 

The  Church  of  St.  Sophia  was  consecrated  May  330.  It 
is  built  like  a  Grecian  cross.  It  cost  one  million  dollars. 
Besides  this,  Constantine  built  25  churches.  The  cathedral 
at  Pisa,  in  Italy,  was  built  100  years  after  that  of  St.  So 
phia.  Its  plan  is  the  Latin  cross.  The  length  is  304  feet, 
and  the  width  10T;  the  transverse  branch  is  234  feet  by  55 
feet  in  width.  A  detailed  account  we  cannot  give — a  mere 
sketch  is  all  we  promised. 


CHAPTER  T. 

The  Architecture  of  Germany.  France,  and  Normandy. 

THE  sacredness  of  religious  edifices  seems  to  have  protected 
them  from  demolition  and  the  hand  of  the  destroyer. 

Germany  lays  claim  to  churches  of  antiquity  superior  to 
those  of  any  other  country  this  side  of  the  Alps:  those  exist 
ing  of  the  tenth  and  eleventh  centuries  are  very  important 
in  the  history  of  the  art,  and  testify  extraordinary  solidity 
and  magnificence.  Such  are  the  churches  of  Spire,  Mentz, 
and  Worms.  That  of  Spire  was  founded  by  Conrad,  in  1030 : 
die  east  end  of  that  at  Worms,  still  earlier,  was  commenced 
in  996,  and  the  building  was  consecrated  in  1016;  the  oldest 
part  of  the  cathedral  of  Mentz  is  said  to  be  of  the  date  - 
of  Archbishop  Willigris,  between  9T8  and  1009. 

One  of  the  most  instructive  as  well  as  the  most  ancient 
of  these  churches  is  that  at  Worms,  now  in  a  very  perfect  state 
of  preservation.  The  plan  is  strongly  distinguished  by  the 
cross ;  the  piers  separating  the  nave  from  the  aisles  are  square, 
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with  columns  at  alternate  piers,  to  carry  the  stone  vaulting, 
winch  embraces  two  compartments  of  the  lateral  arches  be 
tween  each  groin  or  rib.  The  east  end  is  square  on  the  face 
externally,  but  semicircular  inside ;  thus  retaining  one  of  the 
principal  features  of  the  Romanesque  basilicas,  On  each  side 
are  circular  turrets  containing  staircases,  and  corresponding 
with  two  at  the  west  end,  although  of  somewhat  larger 
dimensions.  The  entrances  are  in  the  north  and  south  sides, 
and  nearer  the  transepts  than  the  west  end.  This  arrange 
ment  is  quite  at  variance  with  all  preceding  buildings;  as 
instead  of  the  three  doorways  at  the  west  front,  there  is  an 
apsis  of  the  form  of  three  sides  of  an  octagon,  which  is  used 
as  a  chapel.  At  the  intersection  of  the  nave  and  transepts 
springs  an  octagonal  tower,  which  is  scarcely  higher  than  the 
nave  roof,  and  covered  with  a  cupola:  the  turrets  are  carried  to 
a  great  height,  and  terminate  conically.  This  church,  as  well 
as  those  of  the  same  date,  is  vaulted  with  stone  throughout, 
which  caused  the  introduction  of  the  shaft  on  the  face  of  the 
piers,  and  is  one  great  deviation  from  the  arrangement  of  the 
Roman  basilicas,  which  were  covered  with  horizontal  ceilings; 
or  else  the  wooden  roofs  were  left  exposed,  which  rested  on  the 
walls,  having  no  relation  vertically  to  the  substructure. 

The  church  of  St.  Castor,  at  Coblentz,  part  of  which  was 
built  in  the  eleventh  century,  is  likewise  executed  witl*  semi 
circular  arches,  which  spring  from  square  piers,  to  each  face 
of  which  a  square  column  is  attached.  This  may  be  considered 
as  one  of  the  steps  leading  towards  the  clustered  columns, 
which  gradually  were  introduced  into  the  naves  of  all  churches 
throughout  the  western  part  of  Europe. 

The  early  German  churches,  although  differing  considerably 
from  each  other  in  their  general  plan,  still  retain  peculiarities 
that  are  not  to  be  seen  in  those  of  other  countries,  though 
erected  about  the  same  period,  or  rather  later.  The  octa 
gonal  form  of  the  apsides  and  turrets,  and  their  enrichments 
generally  retaining  a  primitive  character,  made  their  Lom- 
bardic  origin  perceptible.  The  square  piers  which  support  the 
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nave  arches  evince  a  direct  departure  from  the  Italian  types; 
there  is  likewise  a  prevalence  of  rectangular  faces  and  square- 
edged  projections  This  general  simplicity  may  be  well  ac 
counted  for,  when  we  consider  that  the  chief  impressions  were 
received  from  Romanesque  examples,  which  were  simplified 
from  necessity,  as  there  was  great  deficiency  in  knowledge 
of  art,  although  no  inferiority  in  mechanical  skill. 

In  the  cathedral  of  Worms  we  find  the  pointed  arch,  which 
was  not  introduced  generally  until  a  century  after  the  erection 
of  that  building;  therefore,  if  this  was  not  added  subsequently, 
it  confutes  many  of  the  theories  as  to  the  causes  and  dates 
of  its  introduction. 

The  church  of  G-elnhansen,  in  Suabia,  which  was  built  in 
the  beginning  of  the  thirteenth  century,  is  one  of  the  earliest 
German  churches  in  which  a  positive  change  of  style  is  per 
ceptible  throughout ;  although  in  many  of  those  of  the  eleventh 
and  twelfth  centuries  there  exists  deviations  from  the  unity 
of  the  designs  which  are  difficult  to  be  accounted  for. 

The  heads  of  the  windows,  instead  of  being  semicircular, 
are  of  the  lancet  form,  with  cusps,  and  differ  from  the  pro 
portions  before  adopted  by  being  long  and  narrow.  The 
arches  and  windows  in  the  nave  have  trefoiled  heads,  and 
the  windows  of  the  central  tower  possess  a  marked  distinc 
tion  from  the  earlier  arrangements,  having  the  three  aper 
tures  with  trefoils  inscribed  in  a  semicircular  top,  and  sepa 
rated  by  mullkras 

The  church  of  St.  Catherine  at  Oppenheim,  commenced 
m  1262,  resembles  in  plan  that  of  Worms,  "being  in  the  form 
of  a  Latin  cross,  and  having  semi-octagonal  chancels  at  the 
east  and  west  ends.  The  latter  is  of  a  subsequent  date,  and 
was  not  consecrated  before  1439  This  peculiarity  is  ob 
servable  in  several  other  churches  in  Germany:  the  entrances 
are  on  the  north  and  south  sides. 

The  cathedral  of  Strasburg,  which  was  begun  in  1227, 
and  brought  to  its  present  state  in  1439,  holds  the  first 
rank  among  the  Gothic  churches  of  the  Continent,  in  point 

t 


74  HISTORY  AND   RUDIMENTS 

of  toe  high  degree  of  enrichment  which  prevails  throughout 
The  length  of  the  body  of  the  church  is  324  feet,  and  the 
height  of  the  nave  vault  is  98  feet.  The  western  facade 
is  divided  into  three  parts,  vertically,  by  buttresses  richly 
ornamented  with  canopies  and  statues.  The  three  entrances 
are  crowned  by  crocketed  gables,  and  the  diverging  sides  of 
the  doorways  are  completely  filled  with  niches  and  statues. 

This  cathedral  has  but  one  of  its  spires  completed,  which 
is  at  the  north-west  angle:  it  is  perforated  in  the  richest 
manner,  and  in  height  it  exceeds  any  other  church  in  Europe, 
being  414  feet  from  the  ground. 

The  cathedral  of  Cologne  was  one  of  magnificent  design, 
and  of  a  symmetry  not  surpassed  by  any  of  the  best  works 
of  Greece  or  Rome.  The  site  was  the  ruins  of  a  church 
built  by  Charlemagne.  Archbishop  Conrad  commenced  the 
church  in  1249.  The  length  was  over  500  feet;  the  width 
of  the  aisles  180  feet;  the  roofs  more  than  200  feet  high. 
The  western  towers  were  to  be  500  feet  high,  and  100  feet 
wide  at  the  base.  For  three  centuries  the  work,  by  spas 
modic  efforts,  was  extended ;  but  the  building  was  never 
entirely  completed.  All  that  is  now  done  is  to  keep  it  in 
repair. 

The  German  cathedral  at  Ulm  was  commenced  in  13,7 7. 
Its  length  is  416;  width,  166;  height,  141. 

Ratisbone  cathedral  was  built  in  1480. 

The  greatest  variety  of  forms,  both  in  traceries  and  orna 
ments,  prevails  throughout  most  of  the  larger  churches  of 
Germany  that  were  built  in  the  latter  part  of  the  Gothic 
era. 

The  buildings  of  PRANCE  of  the  ninth  and  tenth  centuries 
were  like  those  of  Germany,  in  the  Byzantine  or  Romanesque 
styles,  and  decorated  with  a  profusion  of  mosaic  and  other 
ornamental  work. 

The  invasion  of  the  Normans,  in  the  ninth  and  tenth  cen 
turies,  caused  the  destruction  of  most  of  the  ecclesiastical 
edifices.  After  Rollo  had  become  Duke  of  Normandy,  and 
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embraced  the  Christian  faith,  he  vied  with  France  in  the 
erection  of  churches.  The  principles  of  the  architecture 
that  prevailed  in  both  countries  were  identical,  being  modi 
fications  of  the  Lombardie  styles,  and  were  characterized 
by  the  general  use  of  the  semi-circular  forms  in  arches  or 
windows. 

One  of  the  earliest  French  churches  that  presents  anj 
features  that  require  our  notice,  is  that  of  St.  Germain  des 
Pres,  which  was  built  by  Abbot  Morard,  in  1014.  The 
nave  of  the  church  still  remains  in  its  primitive  state.  The 
capitals  of  the  columns  possess  much  of  the  character  of  the 
Corinthian  Order;  whilst  others  are  composed  of  birds  and 
griffins.  In  the  churches  of  JSTormandy,  the  capitals  of  tlie 
columns  are  direct  imitations  of  the  Corinthian  Order,  with 
the  exception  of  the  abaci. 

About  800  years  ago  the  large  cathedral  of  Chartres  and 
the  abbey  of  Cluny  of  Prance  were  built.  The  plan  is  cru 
ciform. 

Towards  the  end  of  the  twelfth  century  an  important 
change  took  place  in  the  architecture  of  the  western  parts  of 
Europe,  by  the  introduction  of  the  pointed  arch,  which  was 
used  instead  of  the  semicircular. 

Concerning  the  origin  of  the  pointed  arch  we  cannot 
treat.  By  some  it  is  supposed  that  it  was  used  in  ISToah's 

Ark and  some  buildings  of  great  antiquity  in  the  east,  at 

Jerusalem  and  Cairo,  are  of  a  pointed  form. 
Dr.  Milner  supposes  that  it 

arose  from   the  intersection  of 

semicircular  arches,  which  were 

frequently   introduced    on    the 

surface  of  the  walls  in  the  Xor- 

man  Styles,  but  placed  there 

solely  for  ornament,  as  in  St.Botolph's,  Colchester,  (England.) 
At  Castle  Acre  Priory  the  transition  is  apparent;  and  at 

Bristol  Cathedral  it  is  still  farther  developed. 
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Castle  Acre  Priory 

At  St.  James's, 
Bristol,  within  the 
interlacing  mould 
ings,  there  is  a  lancet 
window,  the  arch  of 
which  is  struck  from 
the  same  centres,  and 
follows  the  inside  lines.  In  the  above  instances  referred  to, 
the  intersecting  semicircular  windows  are  not  detached  from 
the  wall. 

In  Christ  Church,  Oxford, 
erected  1180,  there  is  an  in 
stance  of  an  interlacing  arcade 
supported  by  columns  entirely 
disengaged  from  the  wall,  and 
from  its  construction  as  well 
as  its  form  may  be  considered 
as  a  transition  between  the 
semicircular  and  the  pointed 
styles. 
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The  pointed  form  suggests  a  greater  loftiness  and  elegance 
in  composition,  and  to  a  certain  extent  the  principles  of 
arrangement  are  different:  these  again,  in  their  turn,  gradu 
ally  gave  place  to  others,  apparently  as  mneh  at  variance 
with  them  as  they  were  from  the  parent  source. 

The  Editor  differs  from  his  Author  and  agrees  with  Sir 
Christopher  Wren,  that  the  Saracens  of  the  East,  or  the 
Moors  of  Spain  were  the  originators  of  the  pointed  style  of 
Architecture. 


CHAPTER  YI. 
Syrian^  Persian,  and  Persepolitan  Architecture. 

The  ancient  edifices  of  Syria  were  undoubtedly  of  a  cha 
racter  very  similar  to  the  Egyptians,  if  we  may  judge  from 
the  intercourse  that  existed  between  these  nations.  There 
are  no  monuments  left  us  of  Phoenician  architecture. 

Solomon's  Temple  was  built  by  an  architect  and  work 
men  from  Tyre.  The  plan  was  a  paralellogram  of  about; 
109J  feet  by  36  feet;  in  front  was  a  pronaos  or  portico  ex 
tending  along  the  whole  width  of  the  temple,  the  depth  of 
which  was  half  its  extent.  The  cell  or  main  body  of  the 
building  was  54 1  feet  deep,  and  the  sanctuary  beyond  36 J 
The  height  of  the  sanctuary  was  36|  feet,  the  middle  part 
or  cell  54£,  and  the  portico  B6|.  The  body  temple  was  sur 
rounded  by  three  tiers  of  Chambers,  to  which  there  was  an 
ascent  by  stairs,  and  the  central  space  was  a  court  open  to 
the  sky.  Bells  were  suspended  about  the  temple  and  were 
probably  intended  by  the  sound  they  produced  on  being 
agitated  by  the  wind,  to  keep  off  the  birds  from  the  conse 
crated  edifice.  The  ends  of  the  beams  of  the  upper  floors 
rested  on  stone  corbels,  and  were  not  inserted  into  the  walls,1 
which  were  lined  with  cedar,  on  which  were  figures  of  che 
rubim  made  of  wood  and  covered  with  gold;  these  were  ten 
cubits  high,  and  their  expanded  wings  extended  across  the 
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width  of  the  temple.  In  front  of  the  portico  were  two  pil 
lars  of  brass,  each  five  cubits  high,  and  nearly  four  cubits  in 
diameter.  The  chapiters  or  capitals,  also  of  brass,  were  five 
cubits  high;  one  was  ornamented  with  lilies  on  a  net-work 
ground,  the  other  with  pomegranates. 

The  "  House  of  the  Forest  of  Lebanon"  was  larger  still 
than  the  temple. 

Persia  was  the  seat  of  one  of  the  most  powerful  empires 
of  Asia  from  a  very  early  period  until  the  invasion  of  the 
country  by  Alexander  the  Great,  330  B.C.,  during  which 
time  the  art  of  building  must  have  been  practised  to  a  great 
extent.  But  alas!  "  time  the  destroyer"  has  left  nothing  but 
ruins  from  which  we  may  judge  of  its  former  splendor.  On 
the  great  fertile  plain  of  Merdasht  or  Istaker,  in  the  pro* 
vince  of  Farisistan,  are  the  ruins  of  the  city  of  Persepolis. 
The  ruins  are  1,200  feet  from  north  to  south,  and  600  feet 
from  east  to  west.  It  is  undoubtedly  the  site  of  a  palace. 
There  are  other,  ruins,  and  all  seem  to  indicate  that  some 
intimate  connection  must  have  existed  between  the  architects 
of  Persia  and  Egypt. 

A  great  resemblance  exists  between  the  present  architec 
ture  of  Persia  and  other  Mahommedan  countries,  and  it 
therefore  requires  no  description  of  its  peculiarities. 


OHAPTEE  VII. 

The  Ancient  Architecture  of  India. 

Of  all  the  remains  of  ancient  buildings  that  have  attracted 
the  curiosity  or  attention  of  the  traveller  devoted  to  anti 
quarian  research,  none  have  been  investigated  with  less 
satisfaction  as  regards  their  history  or  chronology  than  those 
of  India. 

The  ancient  monuments  of  India  are  of  two  kinds,  the 
excavated  and  the  structural;  the  one  being  cut  out  of  the 
rocks,  while  the  others  are  erected  of  different  materials  in 
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the  usual  way.  The  former  were  made  by  the  Buddhists, 
a  sect  whose  earliest  existence  dates  600  B.C. 

The  caves  consist  of  three  classes:  the  first  of  these  ar€ 
Yihara,  or  monastery  caves,  the  earliest  of  which  are  natural 
caverns  slightly  improved  by  art,  appropriated  to  religious 
purposes:  those  which  followed  had  a  verandah  opening  into 
the  cells  for  the  abodes  of  the  priests,  but  without  sanctu 
aries  or  images  of  any  kind.  The  simplest  form  of  these 
consists  of  merely  one  square  cell  and  a  porch,  sometimes 
nearly  30  feet  in  length;  in  others  the  arrangement  is  ex 
tended  by  the  verandah  opening  into  a  square  hall,  on  three 
sides  of  which  the  cells  are  placed.  Another  subdivision  of 
the  Yihara  caves  consists  in  the  enlargement  of  the  hall  and 
the  consequent'  necessity  for  the  use  of  pillars.  IE  these, 
besides  the  cells  there  was  always  a  deep  recess  facing  the 
entrance,  in  which  the  statue  of  Buddah,  with  his  attendants, 
was  usually  placed;  thus  making  the  cave  not  only  an  abode 
for  the  priests,  but  a  place  of  worship.  To  this  division  by 
far  the  greater  number  of  Buddhist  excavations  belong; 
those  at  Ajunta  are  the  finest,  though  good  specimens  exist 
at  Ellora  and  Salsette. 

The  second  class  consists  of  Buddhist  Chaitya  caves:  these 
must  be  considered  as  the  temples  or  churches,  and  one  or 
more  of  them  is  attached  to  every  set  of  caves  in  the  west  of 
India:  the  plan  and  arrangement  of  them  are  exactly  the 
same,  though  the  details  and  sculpture  vary  with  the  age  in 
which  they  were  erected.  These,  unlike  the  Yiharas,  seem 
to  have  taken  the  same  form  at  once,  as  is  seen  in  that  of 
Karli,  which  is  the  most  perfect,  and  believed  to  be  the  oldest 
in  India.  It  has  been  supposed  from  this  circumstance  that 
they  were  copies  of  the  interiors  of  structural  buildings, 
though  no  traces  of  such  buildings  exist  in  India,  Ceylon,  or 
beyond  the  Granges.  In  aU  these  caves  there  is  an  external 
porch,  or  music-gallery,  and  an  internal  gallery  over  the 
entrance;  the  centre  part  of  the  temple  is  surrounded  by  cir 
cular  or  octagonal  pillars  that  divide  it  from  the  aisles,  and 
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are  carried  round  the  semicircular  part  at  the  farthest  end, 
and  which  may  be  considered  as  an  apsis :  the  whole  bears  a 
strong  resemblance  to  the  arrangement  of  the  early  Norman 
churches.  The  nave  or  centre  part  is  twice  its  width,  and  is 
roofed  by  a  wagon  vault;  the  roof  of  the  aisles  is  generally 
flat.  In  the  centre  of  the  semicircular  part  stands  the 
Daghopa,  in  part  of  which  there  is  always  a  sculptured  niche 
containing  a  figure  of  Buddha  and  his  attendants.  The  third 
class  consists  of  Brahmanical  caves,  many  of  which  have  a 
great  resemblance  to  the  Yihara,  though  the  arrangement  of 
the  pillars  and  the  position  of  the  sanctuary  are  in  no  instance 
the  same.  The  walls  are  nearly  always  covered  with  sculp 
ture,  while  the  Yiharas  are  generally  decorated  with  painting 
and  inscriptions.  The  finest  specimens  are  at  Elephanta  and 
Ellora;  others  are  to  be  found  in  the  island  of  Salsette,  near 
Bombay.  The  excavated  temple  at  Elephanta  is  130  feet 
long  by  110  feet  wide,  and  14J  in  height.  The  ceiling  is 
flat  and  supported  by  four  rows  of  columns  connected  by  a 
fascia,  or  simple  architrave:  the  columns  are  9  feet  high, 
standing  on  pedestals;  they  are  reeded  or  ribbed,  and  have 
projecting  capitals  of  a  semicircular  form  in  profile,  from 
which  spring  the  brackets  of  the  ceiling.  Against  the  walls 
are  sculptured  colossal  human  figures  in  high  relief,  which 
differ  from  each  other  by  a  variety  of  symbols,  representing 
the  attributes  of  the  deities  whom  they  worshipped.  At  the 
farthest  end  there  is  a  square  recess,  supposed  to  be  the  sanc 
tuary  ;  on  either  side  of  the  door  by  which  it  is  entered  there 
are  large  figures.  There  are  100  of  these  caves  three  stories 
high  cut  out  of  the  rock.  Some  are  150  feet  high.  The 
Buddhists  nearly  always  adopted  the  Arch  form  in  their 
Chaitya  temples. 

There  is  still  another  class  of  excavations  cut  out  of  rock; 
they  are  of  one  block  of  stone.  These  temples  have  the 
appearance  of  standing  in  pits,  as  all  the  surrounding  parts 
have  been  cut  away.  The  most  remarkable  of  this  class  is 
the  Kylas  and  Ellora,  which  is  one  of  the  most  modern  spe- 
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eiinens  of  excavations  in  India,  built  about  ^00  AJ>.  It  if 
400  feet  long  by  247  wide,  and  is  at  the  north-east  angle 
104  feet  deep;  round  the  sides  of  this  area  is  a  cloister  sup 
ported  on  square  pillars,  which  are  covered  with  subjects 
from  the  Indian  mythology.  The  centre  part  is  occupied 
with  the  entrance  pavilion,  the  chapel  of  ]S~audi  and  the 
grand  temple  and  sanctuary,  round  which  are  balconies  sup 
posed  to  have  been  used  by  the  musicians  on  solemn  occa 
sions.  The  approach  to  it  is  by  a  bridge,  from  which  you 
descend  to  the  chapel  by  nine  steps;  and,  OH  passing  on  over 
another  bridge,  you  arrive  at  staircases  on  either  side,  which 
lead  to  the  inner  court,  the  temple  and  cloisters.  On  each 
side  of  the  bridge  are  gigantic  representations  of  elephants, 
and  beyond  are  two  richly  carved  pillars  or  obelisks. 

The  upper  parts  of  the  buildings  were  supported  on  square 
piers  or  pillars,  and  from  all  sides  of  their  capitals  brackets 
projected  equal  to  their  width,  and  leaving  generally  a  space 
equal  to  three  diameters  between  their  greatest  projection, 
thus  leaving  only  one-half  of  the  whole  length  of  the  archi 
trave  unsupported;  but  when  a  greater  space  was  required, 
a  succession  of  projecting  brackets  placed  above  each  other 
was  adopted,  sometimes  meeting  in  the  centre,  thus  having 
the  effect  of  a  horizontal  arch.  The  effect  of  this  is  un 
doubtedly  pleasing,  as  the  projecting  brackets  on  all  sides  of 
the  square  capital  produce  in  perspective  a  variety  of  lines, 
and  great  play  of  light  and  shade. 

One  of  the  oldest  structural  monuments  or  temples  is  that 
of  Bobaneswar,  which  is  60  feet  square  at  the  base  and  180 
feet  in  height. 

In  plan  the  Indian  temples  or  pagodas  are  square;  the  only 
light  that  is  admitted  is  by  the  door. 

One  of  the  largest  Hindoo  temples  is  that  at  CMHamba- 
ram,  on  the  Coromandel  coast,  which  from  its  dimensions 
and  antiquity  is  held  in  high  veneration.  This  cluster  of 
temples  is  a  rectangular  space  1332  feet  in  length  by  936  in 
width,  by  walls  30  feet  in  height.  This  area  contains  a 
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variety  of  temples,  much  decorated  with  sculpture  of  figures 
and  ornaments  more  curious  than  beautiful;  these  are  con 
nected  by  extensive  colonnades  and  porticoes.  Pyramids 
stand  over  the  entrance  of  the  outer  enclosures,  and  consist 
of  several  floors. 

There  are  many  other  pagodas  of  large  dimensions. 

Among  the  interesting  works  of  the  Hindoos  are  the 
Bunds  or  dams,  which  are  made  for  the  purpose  of  intercept 
ing  the  course  of  small  rivers,  so  as  to  form  an  artificial  lake 
for  the  purpose  of  irrigation:  on  these  dams,  which  are  con 
structed  of  stone,  palaces  and  temples  are  generally  placed, 
and  between  them  are  very  broad  flights  of  steps  leading 
down  to  the  water,  which  are  ornamented  frequently  with 
figures  of  elephants,  and  were  used  as  fountains.  That  at 
Raj-Sing,  at  Oddypore,  is  386  paces  in  length,  and  was  built 
in  1653. 

The  Indian  styles,  whatever  their  defects  may  be,  have 
the  merit  of  being  original;  for  there  can  be  little  doubt  but 
that  they  were  invented  in  the  country  where  we  now  find 
them. 


CHAPTER  YIIL 

Chinese  Architecture. 

The  architecture  of  China,  unlike  that  of  other  nations, 
has  retained  its  particular  character  during  all  times  without 
any  mutation.  Their  native  historians  ascribe  the  origin  of 
building  to  their  Emperor  Fou-Hi,  who  first  taught  his  sub 
jects  that  art  about  368  B.C.  In  the  year  246  A.D.,  the  Em 
peror  Tsin-CM-Hoang-Ti  demolished  all  the  buildings  of  im 
portance,  so  as  to  remove  all  records  of  the  grandeur  and 
power  of  his  predecessors:  except  a  few  temples  and  tombs 
in  the  mountains,  which  are  supposed  to  be  of  a  prior  date, 
nothing  remains  of  a  higher  antiquity. 

The  type  of  all  Chinese  buildings,  whether  they  are  used 
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for  tlie  purposes  of  religion,  or  as  residences,  is  undoubtedly 
a  tent ;  and  the  convex  form  of  their  roofs  shows  that  they 
are  a  copy  of  those  made  of  more  pliant  materials,  sustained 
at  different  points  from  brackets  at  the  top  of  vertical  sup 
ports.  The  material  generally  employed  is  wood  ;  that  most 
in  use  is  the  nan-mon,  which  is  said  to  last  more  than  a 
thousand  years  :  stone,  marble,  bricks,  bamboo,  and  porce 
lain  tiles,  are  also  used. 

In  China,  improvement  seems  to  have  been  considered  an 
innovation  and  direct  breach  of  the  laws,  which  are  looked 
apon  as  something  more  than  human  ordinances,  from  their 
supposed  perfection  and  antiquity. 

One  great  hindrance  to  any  advance  in  architecture  is 
caused  by  the  construction  of  their  private  houses  and 
public  buildings  being  subject  to  the  restrictions  of  public 
functionaries  (who  may  be  properly  designated  district  sur 
veyors),  backed  by  most  arbitrary  laws  :  under  their  super 
vision  every  one  is  obliged  to  build  according  to  Ms  rank, 
and  for  every  house  a  certain  size  as  well  as  details  are  fixed. 
These  officers  seem  to  govern  the  arts  in  China,  and  the  laws 
regulate  the  magnitude  and  arrangement  of  residences  of  the 
various  degrees, — for  a  noble  family,  for  a  president  of  a 
tribune,  for  a  mandarin,  and  for  all  classes  who  can  afford 
the  luxury  of  a  house.  The  size  of  public  "buildings  likewise 
comes  under  their  management.  The  merchant,  whatever 
the  amount  of  his  wealth  may  be,  is  compelled  by  this 
regulation  to  restrict  the  dimensions  and  decorations  of  Ms 
house  to  Ms  exact  grade  or  standing  :  this  refers  only  to  the 
external  part  of  Ms  dwelling  ;  the  interior  arrangements  are 
unfettered.  According  to  these  prohibitions  (for  they  cannot 
be  considered  in  any  other  light),  the  level  of  the  ground 
floor,  the  length  of  the  frontage  of  the  building,  and  the 
neight  of  the  roofs,  are  in  an  advancing  scale  from  the  citizen 
to  the  emperor,  and  their  limits  must  be  attended  to  without 
appeal. 

The  buildings  generally  are  only  of  one  story  ;  and  in  Pekin 


84  HISTORY   AND    KUDIMENTS 

the  shopkeepers  are  obliged  to  sleep  under  their  pent-houses 
in  the  open  air  in  summer.  One  reason  perhaps  justifies 
their  houses  generally  being  only  of  one  story,  which  is  the 
slightness  of  their  construction,  and  which  renders  them 
incapable  of  bearing  any  thing*  above  them.  The  general 
character  and  arrangement  of  the  Chinese  houses  is  so  well 
understood,  that  no  object  will  be  gained  by  enlarging  on  the 
subject.  In  every  part,  nothing  is  seen  but  a  succession  of 
combinations  of  frame-work  and  trellises  painted  in  all  the 
primitive  colors,  which  has  caused  the  impression  that  the 
Chinese  houses  bear  a  greater  affinity  to  bird-cages  than  to 
any  thing  under  the  sun  :  the  form  of  some  of  their  doors  is 
sometimes  circular  or  octagonal,  and  tends  to  strengthen  it, 
as  in  no  other  country  are  apertures  of  that  form  used  for 
entrances. 

The  palaces  resemble  a  number  of  tents  ^nited  ;  and  the 
highest  pagodas  are  nothing  else  than  a  succession  of  them 
piled  on  one  another,  instead  of  side  by  side  :  in  short,  from 
the  smallest  village  to  the  imperial  residence  at  Pekin,  no 
other  form  but  that  of  a  permanent  encampment  prevails. 
Lord  Macartney,  who  travelled  ,the  whole  empire  from  the 
farthest  part  of  the  great  wall  to  Canton,  observed  that  there 
was  "but  very  little  variation  in  the  buildings  to  be  seen. 

Amidst  the  substantial  works  of  the  Chinese  the  most 
remarkable  are  the  bridges  :  that  at  Loyau,  in  the  province 
of  Pod-Kien,  is  composed  of  250  piers  built  with  very  large 
stones,  which  support  enormous  granite  lintels,  or  stones 
placed  horizontally  ;  these  are  crowned  by  a  balustrade.  A 
considerable  number  of  bridges  have  been  constructed  in 
China,  and  they  are  considered  to  be  works  of  great  magni 
tude  and  importance.  To  the  Chinese  is  attributed  the  earliest 
application  of  the  suspension  bridge,  which  has  been  so  much 
adopted  in  modern  times  in  situations  where  no  other  means 
of  passage  could  have  been  applied. 

The  temples  of  the  Chinese  are  generally  small,  and 
consist  of  only  one  chamber,  which  is  the  sanctuary  of  their 
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:dols  ;  on  the  outside  is  a  gallery  :  others  stand  in  a  court 
surrounded  by  corridors.  In  some  instances  the  interior  is 
spacious  :  that  at  Ho-Xang,  near  Canton,  is  590  feet  in 
length  by  250  in  width  ;  the  temple  is  constructed  of  wood, 
and  covered  with  painted  and  varnished  porcelain.  It  has 
been  estimated  that  Pekin  and  its  environs  contain  nearly 
107000  mido  or  idol  temples,  some  of  which  are  superior  in 
decoration  to  those  at  Canton. 

Amongst  the  buildings  that  are  peculiar  to  China  are  the 
pagodas,  or  towers  of  from  six  to  ten  stories,  diminishing 
upwards  :  the  projecting  top  of  each  story  presents  the  con 
cave  form  before  referred  to  ;  and  the  plan  of  those  buildings 
is  generally  an  octagon.  The  most  celebrated  is  that  of 
JS"ang-King,  which  is  called  "  the  tower  of  porcelain  ;"  it  is 
40  feet  in  diameter  at  the  base  and  200  feet  in  height  ;  in  the 
centre  is  a  staircase  connecting  each  stage,  and  which  is 
lighted  by  windows  on  four  sides  ;  the  openings  do  not  occur 
over  each  other,  but  hi  alternate  stories  ;  the  whole  is  cased 
with  porcelain.  The  age  of  this  pagoda  is  little  more  than 
three  centuries. 

Commemorative  buildings  and  triumphal  arches  or  doors 
are  Very  numerous  throughout  China  :  they  are  placed  at  the 
entrances  of  streets  as  well  as  before  principal  buildings ; 
the  better  class  of  which  consist  of  a  central  and  two  side 
openings  :  the  lower  part  is  generally  of  stone,  without  any 
mouldings  ;  the  upper  part  is  of  wood,  and  supported  on 
horizontal  lintels,  the  constructive  arch  being  as  little  known 
hi  China  as  in  other  Eastern  nations. 

The  great  wall,  which  extends  for  1500  miles,  has  perhaps 
caused  a  much  higher  opinion  to  be  formed  of  the  monuments 
of  the  Chinese  than  a  careful  survey  justifies.  It  is  (with  an 
exception  in  favor  of  their  bridges)  the  only  work  of  any 
importance  that  can  give  the  Chinese  any  position  as  a  con 
structive  people.*  It  consists  of  an  earthen  mound  faced  bj 

*  From  the  architecture  as  well  as  the  ornamental  works,  the  impression  is  con- 
veyed  that  mechanical  skill  and  imitation  are  the  only  faculties  that  are  possessed 
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walls  of  brick  and  masonry  ;  its  total  height  is  20  feet.  The 
platform  on  the  top  is  15  feet  broad,  and  increases  to  25  feet 
at  the  base  of  the  wall  ;  at  intervals  of  200  paces  are  towers 
of  40  feet  square,  which  diminish  to  30  feet  at  the  top  ;  their 
height  in  some  places  is  37  feet,  in  others  48.  This  wall, 
which  commences  in  the  sea  to  the  east  of  Pekin,  extends 
along  the  frontiers  of  their  provinces,  over  rivers,  mountains, 
villages,  and  often  in  places  that  are  of  themselves  protections 
from  any  hostile  invasion  :  it  engaged  a  million  of  persons 
for  ten  years  in  its  erection.* 


CHAPTEB  IX. 

Arabian,  Saracenic,  or  Moorish  Architecture. 

In  consequence  of  the  very  few  examples  remaining,  we 
have  little  evidence  of  the  ancient  architecture  of  the  Ara 
bians.  The  Caaba  at  Mecca  is  the  only  existing  temple  in 
which  the  Arabians  worshiped  their  idols  :  this  was  so  much 
altered  by  Mahommed,  that  it  is  difficult  to  trace  the  portions 
of  the  prior  erections. 

From  the  appearance  of  Mahommed,  A.D.  600,  commenced 
a  style  of  architecture  which  extended  from  the  Indus  along 
the  northern  coasts  of  Africa,  and  to  a  considerable  portion 

by  the  Chinese,  is  their  arts  seem  to  be  confined  to  servile  copies  of  the  works  of 
Nature,  without  any  feeling  of  composition  or  invention.  The  ancient  people 
must  indeed  have  heen  widely  different  in  their  composition,  as  they  have  credit 
for  the  discovery  of  the  magnetic  compass  before  121  A  .  i>.  ;  the  art  of  printing  in 
the  tenth  century  ;  the  earliest  manufacture  of  silk  and  poreclain  •  and  last, 
though  not  least,  the  composition  of  gunpowder,  which  their  descendants  of  the 
present  day  use  to  so  little  purpose. 

*  The  first  emperor  of  the  Tsin  dynasty  caused  this  wall  to  he  built  as  a  protec 
tion  against  the  Tartars,  though  it  has  been  supposed  that  the  employment  of  a 
large  mass  of  people,  who  were  in  a  state  of  excitement  at  his  tyranny,  was  the 
more  direct  cause  of  its  erection,  or  it  would  not  have  heen  carried  over  places 
that  weie  quite  inaccessible  to  an  enemy,  and  therefore  in  these  situations  useless. 
It  has  now  stood  nearly  sixteen  hundred  years.  He  ordered  all  the  hooks  of  the 
learned,  including  the  writings  of  Confucius,  to  be  cast  into  the  flames,  for  the 
same  reason,  that  caused  the  destruction  of  all  the  principal  existing  buildings. 
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of  Spain.  In  the  latter  country  it  attained  its  greatest 
excellence 

The  mosque  which  was  built  at  Jerusalem  by  Omar,  the 
second  caliph,  about  A  D  640,  is  supposed  to  have  been  the 
first  of  their  erections  beyond  the  limits  of  Arabia.  Of  the 
nature  of  this  edifice  we  are  ignorant,  in  consequence  of  the 
numerous  additions  made  to  it  at  subsequent  periods.  When 
Damascus  became  the  seat  of  the  empire,  it  was  considerably 
improved;  and  among  its  splendid  buildings  was  the  cele 
brated  mosque  founded  by  Alwalid  II.  In  the  year  A.  D, 
762,  the  foundations  of  Bagdad  were  laid;  and  this  city 
remamed  the  imperial  seat  for  500  years.  The  magnifi 
cence  of  the  palace  of  the  caliphs  could  only  be  exceeded  by 
that  of  the  Persian  kings;  and  the  pious  and  charitable 
works  of  those  days  have  never  been  equalled,  as  water  cis 
terns  and  caravanseras  were  built  along  several  hundred 
miles  of  road. 

Xearly  all  the  remains  of  the  ancient  architecture  of  the 
Eastern  Saracens  are  the  mosques  at  Mecca  and  Jerusalem: 
to  these  may  be  added  the  castle  of  Cairo,  and  the  ruins  of 
the  hall  of  Joseph. 

The  most  splendid  specimens  of  Arabian  or  Saracenic 
architecture  are  to  be  found  in  Spain,  of  which  the  most 
ancient  is  the  mosque  at  Cordova,  begun  in  780  by  Abd-el- 
rahman,  then  king  of  this  part  of  the  Moorish  dominions. 
It  was  erected  within  the  first  century  after  the  Moors  had 
established  themselves  in  Spam.*  It  is  an  insulated  paral 
lelogram  of  620  feet  in  length  by  420  in  breadth,  and  IB 
divided  into  two  parts;  one  of  them  is  an  open  court,  in 
which  worshipers  performed  then*  ablutions  before  entering 
into  the  body  of  the  temple:  on  three  sides  there  is  a  colon 
nade  25  feet  wide,  and  on  the  other  are  the  several  doors 

*  The  Moors,  under  Mn*a  Ibn  Nossejr,  the  viceroy  of  the  northern  part  of  Africa, 
landed  in  the  south  of  Spam  A  D  711,  A  H  S9;  and  within  two  months  Cordova 
Granada,  Jaen5  Malaga,  and  Toledo,  then  the  capital  of  Spain,  were  reduced,  or 
opened  their  gates  to  the  conquerors  The  mosque  of  Cordova  was  fin'siied  bj 
Hish&m,  XD.  794 
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communicating  with  the  mosque.  This  consists  of  nineteen 
naves  divided  by  seventeen  rows  of  columns:  thus  the  interior 
presents  an  appearance  of  a  forest  of  columns  composed  of 
jasper  and  other  marbles;  they  are  18  inches  in  diameter, 
and  surmounted  by  capitals  which  bear  a  strong  resemblance 
to  the  Corinthian  and  composite  orders;*  these  are  connected 
by  segmental  arches.  The  ceilings  are  of  wood,  painted;  the 
enrichments  are  of  stucco,  also  painted  in  various  colors, 
decorated  with  legends  and  occasionally  gilt.  After  the 
conquest  of  the  city  by  San  Ferdinand,  in  1238,  the  mosque 
was  converted  into  a  cathedral;  and  the  character  has  since 
been  greatly  injured  by  erections  that  were  necessary  for  its 
adaptation  to  the  service  of  the  Christian  religion. 

The  most  perfect  example  existing,  that  can  convey  an  idea 
of  the  extent  to  which  sumptuousness  of  ornament  and  en 
richment  can  be  carried,  is  to  be  found  in  the  Alhambra,  the 
residence  of  the  Moorish  kings  of  Granada,  erected  between 
the  years  A.D.  1240  and  1348.  In  this  there  are  no  traces 
of  art  peculiar  to  any  other  nation ;  the  composition  and  dis 
tribution  of  the  ornaments  being  arranged  with  consummate 
skill.  To  attempt  a  short  description  of  this  model  of  pure 
Arabian  architecture  would  only  be  an  injustice  to  it,  as  no 
notion  would  thereby  be  conveyed  of  this  extraordinary 
work ;  we  therefore  can  only  remark,  that  every  part  of  the 
walls  and  ceilings  is  covered  with  a  mass  of  ornament  en 
riched  with  gold  and  the  most  brilliant  colors,  and  which 
bears  the  strongest  evidence  of  the  high  degree  of  refinement 
and  luxury  at  which  the  Moors  had  arrived  prior  to  their 
overthrow.f  The  whole  of  the  ornaments  are  composed  of 

*  These  were  probably  obtained  from  some  Roman  buildings  that  existed  in  the 
neighbourhood,  as  some  of  them  bare  bases,  so  as  to  bring  them  to  the  required 
height,  while  others,  which  were  too  short,  were  lengthened  by  giving  them  tall 
capitals.  In  this  building  there  are  upwards  of  900  columns. 

f  For  a  full  description,  with  views  and  the  details  represented  in  their  original 
colors,  the  reader  is  referred  to  the  work  published  by  Mr.  Owen  Jones,  which  is 
trurj"  worthy  of  the  magnificence  that  it  illustrates;  and  it  is  to  be  regretted  that 
it  has  not  received  sufficient  patronage  to  reimburse  him.  His  princ'pal  remune 
ration  must  be  the  conviction  that  he  has  produced  that  which  is  unequalled  ID 
execution  by  any  thing  that  has  preceded  it. 
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stucco;  and  it  has  been  observed,  that  no  nation  has  con 
structed  so  many  magnificent  buildings  without  haying 
recourse  to  the  quarry. 

Moorish  architecture  has  several  kinds  of  arches:  the 
horse-shoe  form,  having  the  centre  raised  above  the  spring  of 
the  curve,  which  likewise  diminishes  in  width;  the  pointed 
arch,  in  which,  likewise,  the  greatest  width  is  above  the  im 
post  or  spring  from  which  the  curve  commences.  Some  of 
these  arches  contain  on  the  inside  a  succession  of  small  cusps 
of  a  segmental  form.  The  next  example  is  that  of  the 
cuspid  arch,  strictly  so  termed,  the  outline  being  produced 
by  intersecting  semicircles,  very  similar  to  the  trefoil  heads 
of  Gothic  windows,  with  the  exception  that  they  are  not 
circumscribed  by  a  continuous  arch.  Another  example  in 
the  Court  of  Lions  in  the  Alhambra,  it  being  circle  headed 
and  stilted  and  considerably  more  than  a  semicircle:  the  part 
below  the  centre  of  the  curve  is  vertical,  and  rests  on  small 
corbels  that  are  fixed  against  panels  wider  than  the  slender 
pillars  that  support  them. 

The  style  is  noted  for  its  extremely  slender  proportions 
and  for  its  fanciful  and  diverse  character. 

Among  the  features  of  this  style  is  the  honeycomb,  fret 
work,  or  pendants,  which  compose  the  ceilings  of  the  build 
ings  of  the  later  dates.  It  is  a  cone-shaped  covering,  but 
ornated  with  a  multiplicity  of  projecting  forms,  which  ren 
der  its  appearance  at  first  perplexing;  but,  like  the  mosaics, 
it  is  extremely  simple  in  principle. 


CHAPTER  X. 

Druidical,  Celtic,  and  Anglo-Roman  Architecture. 

The  earliest  remains  of  a  structural  nature  are  the  tra- 
hewn  stones  which,  in  various  forms,  are  found  in  different 
parts  of  the  island.  The  introduction  of  those  in  the  south 
ern,  parts  are  chiefly  attributed  to  the  Phoenicians,  or  Ga- 
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naanites  of  Tyre  and  Sidon,  who  were  the  most  expert 
sailors  of  antiquity,  and  maintained  a  commerce  with  the 
southern  parts  of  England 

It  is  quite  certain  that  their  frequent  voyages  suggested 
the  idea  of  planting  a  colony  in  this  part  of  Britain,  and 
that  they  then  introduced  the  custom  of  erecting  gigantic 
stones,  which  had  been  practised  in  Asia.  These  erections 
are  varied,  and  may  be  classed  as  follows:  1,  the  single  stone 
or  obelisk;  2,  circles  of  stones  of  different  numbers;  3,  sa 
crificial  stones;  4,  cromlechs  and  cairns;  5,  logan  stones;  6, 
tolmen,  or  colossal  stones 

The  most  remarkable  of  these  monuments  is  on  Salisbury 
Plain,  in  Wiltshire,  which  has  been  generally  considered  as 
a  Druidical  or  Celtic  work.  It  consists  of  concentric  circles 
of  large  stones,  placed  upright  in  the  ground  like  pillars, 
with  another  large  stone  resting  upon  them  as  an  architrave 
or  lintel,  which  is  secured  by  mortices  and  tenons;  thus 
indicating  a  regular  principle  of  construction,  although  the 
stones  themselves  are  not  squared 

The  earliest  habitations  of  the  Britons  were  of  a  circular 
form,  and  composed  of  wicker  filled  in  with  clay,  and  some 
times  placed  upon  foundations  of  stone;  although  caves  were 
much  used  at  the  same  time. 

The  erection  of  solid  buildings  in  England  dates  from  the 
invasion  of  Julius  Caesar,  in  the  year  55  B  c.  Quite  an  impe 
tus  was  given  to  the  building  propensities  of  the  people,  and 
in  the  third  century  Britain  was  noted  for  the  number  and 
skill  of  its  artificers.  After  the  departure  of  the  Romans, 
A.  D.  410,  architecture  declined. 


CHAPTER  X 

Architecture  in  England, 

THE  History  of  Agriculture  in  England  commences  with 
structures  of  unhewn  stone,  the  remains  of  which,  in  various 
forms,  are  found  in  different  parts  of  the  island  Their  m 
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troduetion  is  chiefly  attributed  to  the  Phoenicians  or  Canaan- 
ites  of  Tyre  and  Sidon,  who  were  expert  sailors  and  main 
tained  a  commerce  with  the  southern  parts  of  England. 

The  most  remarkable  of  their  monuments  is  Stonehenge, 
on  Salisbury  Plain,  in  Wiltshire.  It  consists  of  concentric 
circles  of  large  stones,  placed  upright  in  the  ground  like 
pillars,  with  another  large  stone  resting  upon  them  as  an 
architrave  or  lintel,  which  is  secured  by  mortices  and  tenons; 
thus  indicating  a  regular  principle  of  construction,  although 
the  stones  themselves  are  not  squared.  The  remains  at  Are- 
bury,  near  Silsbury  Hill,  are  merely  rude  masses  of  stone 
work  in  the  form  of  a  circle,  with  smaller  detached  "circles  of 
unhewn  stones  within  its  other  area. 

The  earliest  habitations  of  the  Britons  were  of  a  circular 
form,  and  composed  of  wicker  filled  in  with  clay,  and  some 
times  placed  upon  foundations  of  stone. 

From  the  invasion  of  Julius  Caesar,  in  the  year  55  B.  c., 
may  be  dated  the  erection  of  solid  buildings — temples,  the 
atres  and  public  edifices  were  erected,  and  the  art  of  archi 
tecture  advanced  till  the  departure  of  the  Romans  in  410 
A.  D.  This  is  the  "Druidical,  Celtic,  and  Anglo-Roman 
Architecture"  of  England. 

The  "Anglo-Saxon"  Architecture  commenced  with  the 
arrival  of  the  Saxons  in  449  A.  D.  What  little  remained 
of  the  art  was  shortly  extinguished,  for  the  Saxons,  like 
the  inhabitants  of  the  other  parts  of  Germany,  were  to 
tally  ignorant  of  all  civilized  modes  of  living,  being  accus 
tomed  to  dwell  only  in  hovels,  built  in  the  rudest  manner 
with  branches  of  trees  and  reeds;  all  knowledge  of  build 
ing,  therefore,  seems  to  have  been  lost  for  nearly  two  cen 
turies  afterwards. 

In  the  latter  part  of  the  7th  century  the  art  of  building 
stone  edifices  was  revived,  and  many  churches  were  buili 
"  after  the  Roman  manner,"  or  debased  Roman  style  then 
prevalent  in  France  and  Germany.  This  style  has  received 
the  title  of  Anglo-Saxon.  The  plans  of  the  churches  dif* 
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fered  considerably,  and  must  have  been  regulated  by  their 
size.  Some  were  cruciform — in  fact  a  goodly  portion  were. 
The  builders  used  to  construct  crypts  beneath  their  most 
celebrated  churches.  The  plans  of  the  smaller  churches  were 
generally  oblong.  The  towers  were  usually  placed  at  the 
west  end.  The  quoins  are  of  a  description  known  as  the 
Anglo-Saxon  style,  and  called  long  and  short  work,  from 
their  being  arranged  with  stones  of  equal  size,  placed  alter 
nately  in  a  vertical  and  horizontal  position  upon  each  other, 
thus  bearing  resemblance  to  debased  rustic  work. 

The  heads  of  the  doorway  of  the  Anglo-Saxon  style  are 
either  triangular  or  semicircular;  the  latter  were  more  gene 
rally  used,  and  those  which  are  more  ancient  were  con 
structed  of  large  flat  bricks  or  tiles  placed  on  end,  and  the 
spaces  between,  which  are  nearly  equal  to  them  in  width, 
filled  in  with  coarse  rubble-work;  the  jambs  or  imposts  of 
the  arches  were  generally  of  stone.  The  mode  of  forming 
these  arches,  as  well  as  the  walls  in  which  tiles  were  intro 
duced,  either  in  horizontal  layers,  or  arranged  herring-bone 
fashion,  was  undoubtedly  copied  from  the  later  works  of  the 
Romans. 

The  triangular-arched  head  is  of  a  later  date,  and  pos 
sesses  little  constructive  merit;  the  extreme  of  the  triangle 
rests  on  a  plain  abacus,  the  impost  in  some  cases  projecting 
from  the  wall.  The  prevailing  character  of  the  Anglo- 
Saxon  style  is  massiveness,  with  only  the  occasional  intro 
duction  of  a  moulding,  which  in  most  cases  consists  simply 
of  a  square-faced  projection,  with  a  chamfer  or  splay  on  the 
upper  or  lower  edge ;  the  sculpture  of  that  period  was  ex 
tremely  rude,  and  rarely  introduced. 

The  principal  religious  edifices  were  destroyed  on  the  sub 
jugation  of  the  country  by  the  Danes,  1012  A.  D. 

The  commencement  of  the  u Anglo-Norman  StyW  is  dated 
from  the  Conquest  by  William,  in  1066  A.  D.  Churches  were 
built  so  rapidly  that  f  0  years  afterwards,  oa  the  compilation 
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of  the  Doomsday  Book,  1700  were  recorded  as  then  being 
in  existence. 

The  Anglo-Xorman  conTentual  churches  were  cruciform  In 
plan,  with  a  low  tower  rising  at  the  intersection  of  the  choir 
and  nave  with  the  transepts:  the  former,  as  in  the  case  of 
some  churches  in  Germany,  terminated  with  a  semicircular 
apse,  Apsidal  eastern  terminations  were  frequently  appended 
to  the  chapels  attached  to  the  churches.  The  aisles  were 
continuous  throughout  the  choir  as  well  as  the  nave,  so  that 
on  solemn  occasions  the  whole  church  might  be  traversed  in 
processions.  The  altar  was  generally  affixed  to  a  low  rere- 
dos  screen  or  wall,  which  was  placed  between  the  eastern 
most  piers.  Above  the  aisles  that  extended  round  the  nave 
and  choir  was  a  triform  which  communicated  with  chapels 
similar  to  those  below.  The  west  or  principal  front  was 
sometimes  flanked  with  towers,  in  addition  to  that  before 
named;  at  the  angles  of  the  transepts  and  porches  were 
generally  -placed  massive  buttresses,  or  else  turrets  termi 
nated  by  conical  or  polygonical-shaped  cappings  or  pinnacles. 
In  the  smaller  churches,  the  plans  were  similar  to  those  of 
the  Anglo-Saxons,  and  consisted  only  of  a  nave  and  chancel, 
with  a  low  square  tower  at  the  junction,  supported  by  bold 
semicircular  arches:  in  these  the  apse  at  the  east  end  is  very 
frequently  introduced;  indeed  it  is  a  distinctive  feature  of 
that  style  which  bears  the  name  of  Gorman  or  Romanesque 
(derived  from  ancient  basiliese),  and  never  introduced  after 
the  style  which  we  immediately  received  from  the  Continent, 
namely,  the  semicircular-arched,  had  passed  away. 

The  Anglo-Gorman  style  of  architecture  might  be  divided 
into  three°  classes,-— the  Primitive,  the  Enriched,  and  the 
Transition  :  in  the  two  former  kinds,  the  principles  are 
identical,  although  the  moce  of  ornamentation  that  is  used, 
unless  considered  in  its  various  stages,  appears  to  be  the 
result  of  fresh  impressions  derived  from  some  foreign  source  : 
as  regards  the  latter,  it  explains  itself,  having  features  of  a 


94  HISTORY  AND   EUDIMENTS 

somewhat  different  character,  which  were  the  germs  of  a 
style  totally  dissimilar  in  principle. 

The  Norman  style  embraces  the  very  plainest  as  well  as 
the  richest  specimens  of  work,  from  that  characterized  by 
the  low  square  and  circular  piers,  so  numerously  distributed 
about  the  country,  to  the  florid  decoration  with  which  many 
of  our  cathedrals  and  abbeys  are  embellished.  The  former 
of  these  exhibit  but  massive  and  clumsy  remains  of  the 
classical  principles,  but  they  display  a  grandeur  and  solemnity 
of  appearance  from  the  solidity  of  masonry  and  smallness  of 
the  openings.  The  piers  in  the  earlier  buildings  were  either 
entirely  square,  or  else  a  succession  of  receding  faces  crowned 
by  a  plain  square  abacus,  the  lower  edge  of  which  was  cham 
fered.  Isolated  circular  columns  were  likewise  used  in  this 
country  shortly  after  the  Conquest,  as  at  the  chapel  of  the 
White  Tower,  London,  Great  Malvern  church,  and  the 
cathedrals  of  Gloucester,  Peterborough,  Durham,  and  Here 
ford,  *  besides  several  conventual  and  collegiate  churches.  At 
the  later  periods,  portions  of  columns  were  attached  to  the 
square  piers  ;  those  facing  the  nave  or  choir  were  carried  up 
to  the  clerestory  windows,  and  from  their  capitals  sprung  the 
ribs  of  the  groining  of  the  roof ;  the  others  carried  a  part 
of  the  mouldings  of  the  nave  arches,  as  in  Norwich  and 
Peterborough  cathedrals.  In  the  latest  instances,  the  square 
pier  is  entirely  discontinued,  and  the  columns  are  connected 
together  without  the  angular  pieces. 

The  arrangement  of  the  interior  compartments  of  the 
Norman  cathedrals  and  larger  churches  is  that  from  which 
nearly  all  others  of  subsequent  dates  were  copied ;  it  consisted 
of  three  tiers  or  stages.  The  lower  or  larger  opening  wa? 
spanned  by  a  simicircular  arch,  which  rested  on  the  pien 
before  described,  above  which  was  a  horizontal  string-course 
in  the  second  story,  or  triforium,  were  two  smaller  arches 
supported  in  the  centre  by  a  slender  column  ;  these  wer^ 

*  Fifteen  of  the  twenty-two  English  cathedrals  retain  part*  of  their  Norman 
erection,  either  in  the  crypts  or  superstructure. 
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enclosed  In  a  larger  aich,  the  span  of  which  was  rather  less 
than  that  below  it  ;  aboi  e  this  was  another  string-course  : 
in  the  third,  or  clerestory,  there  were  generally  three  arched 
openings  divided  by  columns,  that  in  the  centre  being  higher 
and  wider  than  the  others,  and  forming  either  the  window, 
or  an  opening  before  it,  in  the  thickness  of  the  wall.  These 
three  arches  generally  occupied  a  space  equal  to  the  arch 
below  them,  and  were  enclosed  in  the  arch  springing  from  fee 
shaft  which  formed  part  of  the  semi-circular  stone  groining 
with  which  the  larger  churches  were  usually  vaulted. 

In  all  the  Anglo-Xorman  Churches,  the  western  and 
southern  doorway  seems  to  have  been  decorated  with  a  profu 
sion  of  ornamental  mouldings  and  sculpture,  Many  of  the 
Gorman  doorways  have  the  arch  heads  filled  up,  forming 
what  is  called  the  tympanum  ;  this  is  frequently  adorned  by 
sculpture  of  the  Savior,  angels,  saints  or  animals. 

Another  peculiarity  of  this  style  is,  that  the  arch  is  the 
feature  on  which  the  greatest  amount  of  ornament  and 
enrichment  was  bestowed.  The  decorative  details  and 
moulding  of  this  style,  although  numerous  are  of  a  peculiar 
description,  and  appear  to  have  been  worked  on  the  originally 
plain  surface  of  the  masonary,  and,  in  many  eases,  re-worked 
at  an  after  period  to  a  greater  degree  of  richness  than  they 
originally  possessed.  The  chevron  or  zig-zag,  for  instance  is 
the  most  common  ;  in  the  earlier  instances  its  form  is  little 
more  than  indented  on  the  plain  face  of  the  projection  or 
wall ;  afterwards  we  find  it  partially  beaded  ;  then  double 
beaded  with  hollow  ;  and  in  the  latest  examples  it  was  com 
pletely  cut  away,  and  standing  out  in  full  relief,  with  a 
second  series  of  mouldings  carved  on  the  backing.  There  is 
also  the  billet — the  pellet, — the  star — the  nail-head — and  the 
embattled  fretted  mouldings. 

The  windows  of  this  style  were  usually  small  and  extremely 
simple,  having  no  mouldings  round  them,  but  only  a  receding 
face  on  the  outside,  the  inside  being  splayed.  Towards  the 
beginning  of  the  twelfth  century,  mouldings  and  columns 
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were  introduced  in  the  jambs,  and  the  semi-circular  heads 
were  carved  with  the  zig-zag  and  other  enrichments  ;  about 
the  year  1180  the  highest  degree  of  ornamentation  e^er 
applied  to  Norman  art  was  arrived  at. 

The  Norman  style,  which  had  been  gradually  advancing, 
in  the  richness  of  its  arrangement  and  ornaments,  from  the 
period  of  its  introduction  into  this  country  up  to  the  middle 
of  the  twelfth  century,  began  from  that  time  to  evince  the 
germs  of  different  combinations  and  features,  which  were 
characterized  by  the  verticality  of  its  principles,  and  a  change 
from  the  semi-circular  to  the  pointed  form  of  the  arch.  This 
has  been  called  the  Transition,  or  Semi-Norman  style,  as  in 
it  we  find  the  pointed  arch  in  its  incipient  state,  formed  by 
the  intersections  of  portions  of  a  circle,  whilst  the  details 
and  accessories  remained  unaltered  :  thus  was  the  pointed 
arch,  for  nearly  fifty  years,  completely  intermixed,  more  or 
less,  in  conjunction  with  the  pure  Norman  style,  without 
entirely  superseding  it,  until  the  close  of  the  twelfth  century. 
We  have  already  drawn  the  attention  of  our  readers  to  some 
of  the  various  theories  respecting  the  direct  origin  of  the 
pointed  arch,  and  shall  therefore  offer  no  further  observations 
on  them,  but  merely  consider  this  prominent  feature  as  we 
find  it  introduced  in  our  buildings,  apparently  resulting  from 
new  combinations,  and  as  being  the  consequence,  and  not  the 
cause,  of  a  new  style. 

The  Transition,  or  Semi-Norman  style,  which  lasted  during 
the  reigns  of  Henry  the  Second  and  Richard  the  First, 
evinced,  in  its  early  stages,  no  other  deviation  from  the 
Norman  than  that  of  the  arches  being  pointed  ;  but  these 
were  frequently  introduced  in  situations  where  the  old  form 
was  actually  built  with  and  even  surmounting  them.  Thus 
we  find  them  in  the  choir  of  the  church  of  St,  Cross  Hamp 
shire  :  the  lower  arches  here  are  pointed,  whilst  the  arcade 
above,  as  well  as  the  clerestory,  is  strictly  Norman  :  the  same 
arrangement  exists  at  Malmsbury  abbey  church,  with  the 
exception  of  the  upper  story  having  been  built  nearly  two 


h_i 

5 

3 

O 


OF   ARCHITECTURE.  97 

centuries  afterwards.    In  the  transept  of  Bomsey  church,  at 

the  west  end  of  Croyland  abbey  chnrch,  Lincolnshire,  and 

in  many  other  Instances,  the  pointed  arch  is  placed  beneath 

the  semi-circular  ;  and  this  has  not  been  an  after  alteration, 
bnt  is  really  the  original  work.  The  span  of  the  arches  at 
this  time  became  greater,  the  columns  higher  and  less 
massive,  and  the  capitals  began  to  be  ornamented  with  a 
kind  of  foliage  terminating  in  a  volute  or  bulbous  leaf.*  The 
columns  were  frequently  octagonal  in  form,  and  the  bases 
had  additional  mouldings  with  an  overlapkg  ornament  at 
the  angles,  and  were  placed  upon  square  plinths. 

Although  the  alteration  of  the  arch  and  diminution  in  the 
massiveness  of  the  columns  were  at  first  the  only  indications 
of  a  transition  from  the  style  of  the  Normans,  yet  other  pecu 
liarities,  which  followed  in  gradual  succession,  bear  testimony 
to  the  certain  progress  that  was  being  made  towards  a  more 
ornate  and  lighter  style  of  architecture.  The  mouldings  were 
more  generally  beaded  and  less  massive,  yet  the  use  of  the 
zig-zag,  of  various  forms,  was  still  retained.  The  columns 
of  the  doorways  were  frequently  banded  in  the  centre,  and 
placed  quite  free  in  the  receding  angles  and  splays. 

Examples  of  this  period  may  be  instanced  in  many  of  the 
Norman,  as  well  as  Early  Pointed  buildings  :  the  great  west 
tower  and  south  wing  of  Ely  cathedral  are  especially 
deserving  of  attention.  Perhaps  no  finer  specimen  than  this 
exists  in  the  kingdom  :  the  pointed  arch,  the  trefoiled  head, 
and  other  features  of  the  next-  period  in  this  example,  here 
just  begin  to  appear,  although  the  whole  aspect  is  decidedly 
Norman.  The  vastness  of  the  surfaces,  which  are  completely 
covered  bv  arcading  and  sculpture,  both  within  and  without, 
from  the  ground  to  the  very  roofs,  is  almost  bewildering  to 
the  eye  :  the  date  is  about  lltO.f  Buiidwas  abbey,  Shrop 
shire  ;  Malmsbury,  Kirkstall,  Fountains,  and  Croyland 
abbeys  ;  the  churches  of  New  Shoreham  ;  Rutland,  North- 

*  The  eastern  part  of  Canterbury  cathedral  illustrates  these  peculiarities. 
f  Paleys  '  Manual  of  Gothic,'  p.  68. 
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amptonsliire  ;  Walsoken,  Norfolk  ;  Ketton,  Rutland;  Blox- 
hani,  Oxfordshire  ;  Little  Snoring,  Norfolk  ;  retain  portions 
of  the  work  of  this  date.  Trinity  chapel,  and  the  circular 
part  called  Becket's  Crown,  Canterbury  cathedral,  built  A. 
D.  1175,  are  very  interesting  :  St.  Joseph's  chapel,  Glaston- 
bnry,  erected  at  this  period,  is  perhaps  the  richest  specimen 
now  remaining  of  the  Semi-Norman,  or  Transition  style,  and 
remarkable  for  the  profusion  and  beauty  of  its  sculptured 
detail,  as  well  as  the  close  resemblance  it  presents  in  many 
parts  to  the  succeeding  styles.*- 

It  has  been  usual  to  date  the  introduction  of  the  Pointed, 
or  what  has  been  denominated  the  Early  English  style,  f  to 
about  A.  D.  1200,  although  the  vertical  principles  from  which 
it  sprung  were  not  fully  developed  for  thirty  years  afterwards. 

The  lancet,  as  well  as  the  equilateral  shaped  arch,  were 
used  at  this  period.  The  mouldings  in  general  consist  of 
alternate  rounds  and  deep  cut-hollows,  producing  a  strong 
effect  .of  light  and  shade  :  the  tooth  ornament  is  of  frequent 
occurrence  and  used  only  in  architecture  at  this  date. 

The  features  of  this  style  which  principally  distinguish  it 
from  all  others  are,  the  lancet  windows,  the  thin  isolated  and 
clustered  shafts,  the  buttresses  and  pinnacles,  the  foliage,  the 
mouldings,  and  the  sculptured  ornaments  and  figures  ;  all  of 
which  must  be  studied  with  care  in  order  to  understand  and 
appreciate  fully  its  peculiarities,  and  will  be  found  generally 
to  determine  the  dates  of  the  churches.  The  windows  are 
of  various  kinds  in  the  early  period  :  the  lancet  windows, 
long  and  narrow,  of  one  light,  were  most  frequently  used, 
with  merely  a  small  splay  on  the  outside,  and  without  any 
label  moulding  ;  afterwards  they  were  surmounted  by  labels, 
which,  being  continued  horizontally  from  window  to  window, 
formed  a  string-course  between  them.  Two  lancet  windows 
under  a  single  drip-stone  are  sometimes  met  with,  but  in  the 
most  beautiful  specimens  of  this  arrangement  the  jambs  and 

*  BJoxam's  Gothic. 

f  This,  as  well  as  the  Perpendicular,  or  Late  Pointed,  is  peculiar  to  our  country, 
as  nothing  similar  is  to  be  found  in  any  buildings  abroad. 
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the  pier  between  the  openings  are  ornamented  with  slender 
shafts,  crowned  by  moulded  capitals,  and  surmounted  by  the 
mouldings  of  the  arches,  over  which  are  moulded  double 

labels  The  next  arrangement  is  that  of  a  triplet,  or  a 
combination  of  three  windows  together,  that  in  the  centre 
being  higher,  and  in  some  cases  larger  than  those  at  the 
side  :  the  arrangement  of  columns  in  front  of  the  piers  and 
on  the  jambs,  as  well  as  the  arch  and  label  mouldings,  is 
similar  to  the  last  noticed.  These  windows,  in  the  smaller 
parochial  churches,  are  most  frequently  placed  at  the  east 
end  of  the  chancels,  and  are  only  splayed,  or  very  slightly 
decorated  with  mouldings.  The  combination  that  next 
demands  our  attention,  in  consequence  of  its  evincing  the 
germs  of  another  class  of  Gothic  architecture,  and  by  its 
being  the  first  approximation  towards  the  introduction  of 
tracery  in  the  heads  of  windows,  is  that  in  which  a  part  is 
pierced  over  a  double  lancet  window,  comprised  within  a 
single  drip-stone.  Circular  windows  were  frequently  intro 
duced  during  the  prevalence  of  this  style,  and  were  inserted 
above  other  windows  within  the  angular  part  of  gables 

The  doorways  of  this  style  vary  considerably  both  inform 
and  in  the  arrangements  of  the  arch  mouldings  and  the  sup 
porting  columns  :  in  some  cases  the  columns  are  single  de 
tached0  shafts,  placed  in  a  receding  angle,  whilst  in  others  we 
find  them  in  three  or  four  receding  spaces,  and  sometimes 
connected  by  bands  or  otherwise  moulded  :  the  upper  mould 
ings  of  the  capitals  were  mostly  continuous,  and  from  them 
sprung  assemblages  of  small  bead  and  hollow  mouldings,  In 
which  the  tooth  ornament  was  frequently  introduced.  In  the 
cathedrals  and  large  conventual  churches  we  meet  with  double 
doorways,  divided  by  clustered  columns  or  ornamented  piers, 
and  enclosed  by  a  two-centred  arch  ;  the  space  above  the 
openings  being  filled  either  with  sculptured  figures  and 
ornaments,  or  else  by  moulded  quatrefoiled  tracery.  In  some 
of  these  the  heads  of  the  openings  are  einquefoiled,  and 
richly  decorated  with  mouldings  and  sculpture. 
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The  pillars  usually  consist  of  small  shafts  (often  of  Purbeck 
marble),  arranged  round  a  circular  pier,  and  connected  by  a 
band  of  mouldings  at  half  the  height  of  the  shafts,  and  at 
the  capitals  and  bases  :  others  of  different  kinds  are  to  be 
found  ;  a  circular  or  octagonal  pillar  is  common  in  country 
churches,  which  is  crowned  by  moulded  capitals,  in  which  the 
nail-head  and  tooth  ornaments,  and  also  the  rich  flowing 
foliage  of  that  style,  are  used.  The  buttresses  of  this  date 
were  often  very  prominent,  and  are  frequently  carried,  with 
occasional  weatherings,  to  the  tops  of  the  parapets,  and 
terminated  either  by  high  pyrarnidical  cappings,  or  else  by 
acutely  pointed  pediments.  Buttresses  at  this  period  were 
seldom  placed  diaganolly  at  the  angles  of  the  buildings, 
although  such  disposition  in  the  succeeding  style  was  very 
general.  The  angles  of  the  buttresses  were  frequently 
chamfered,  or  else  small  shafts,  not  projecting  beyond  the 
face,  were  introduced.  The  carved  foliage  is  very  remarka 
ble  for  boldness  of  effect,  and  was  much  used  in  capitals, 
brackets,  bosses,  crockets,  and  spandrils;  it  was  often  so 
much  undercut  as  to  be  connected  with  the  mouldings  and 
backings  only  by  the  stalks  and  edges  of  the  leaves.  There 
is  generally  a  stiffness  and  mannerism  in  the  combinations  of 
the  sculpture  of  this  era,  but  the  effect  of  it  is  almost  always 
so  beautiful,  that  we  overlook  its  unreality  in  the  great  flex 
ibility  and  freedom  both  of  the  conception  and  execution. 
The  prevailing  leaf  is  a  trefoil ;  this  was  also  used  to  form 
the  crockets,  which  had  their  origin  in  this  style. 

"The  Decorated,  or  Geometric  Middle  pointed  style," 
dates  from  A.  D.  1214  to  13*11,  during  the  reign  of  the  three 
Edwards. 

The  Decorated  style  is  of  two  characters,  which  can  be 
easily  defined  by  the  nature  of  the  traceries  of  the  windows, 
and  should  be  denominated  "  early  and  late  decorated."  In 
the  former,  the  geometrical  figures  prevail,  consisting  of 
combinations  of  circles,  trefoils,  quatrefoils,  cinquefoils,  and 
triangles.  It  is  remarkable  for  the  harmony  of  its  forms 
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The  tracery  and  cuspings  were  folly  developed;  and  the 
uniting  of  several  openings  as  a  whole  under  one  arch3  or  a 
succession  of  concentric  mouldings,  marked  an  evident  devi 
ation  from  the  arrangement  and  principles  of  the  Early  Eng 
lish  architecture.  This  Geometric  Middle  Pointed  style  may 
be  considered  to  have  been  in  use  until  about  A.  D.  1327,  or 
the  beginning  of  the  reign  of  Edward  the  Third,  when  the 
compositions  of  the  windows  seem  to  have  undergone  a 
change,  and  the  flowing  or  wavy  lines  succeeded,  producing 
an  almost  endless  variety  of  combinations.  At  the  period 
to  which  we  now  refer,  viz.,  from  1327  to  IB "71,  the  archi 
tecture  of  this  country  may  justly  be  considered  to  have 
attained  its  greatest  excellence,  both  as  regards  graceful 
proportion  and  a  luxuriant  profusion  of  beautiful  ornament 
and  mouldings.  By  very  gradual  progression,  and  almost 
imperceptible  changes,  had  these  principles  of  graceful  de 
sign  and  unequalled  beauty  of  execution  been  arrived  at; 
and  it  cannot  be  denied  but  that  the  architectural  art  of  this 
period  was  neither  equalled  nor  surpassed  in  any  other  coun 
try  or  in  any  age. 

The  general  plan  of  ecclesiastical  and  monastic  buildings 
of  this  era  was  little  marked  by  any  deviation  from  that 
which  preceded  it:  any  change  in  the  arrangement  is  to  be 
attributed  more  to  the  requirements  of  the  situation  than  to 
any  alteration  in  the  principles.  To  the  details  and  parts 
of  the  combinations  we  must  look  for  the  distinguishing  pe 
culiarities.  Throughout  the  century  during  which  this  style 
prevailed,  the  same  kind  of  arch  was  generally  used,  and  was 
either  equilateral,  obtuse-angled  triangles,  or  segments!  in 
form.  The  mouldings  consisted  chiefly  of  quarter  or  three- 
quarter  rounds7  with  filets,  and  in  small  churches  double 
recessed  splays  alone  were  used:  the  deep  hollows  and  unfil- 
leted  beads  of  the  former  style  were  quite  discontinued. 

The  piers  of  this  period,  on  which  the  nave  arches  rested, 
were  frequently  composed  of  half  or  three-quarter  cylindrical 
shafts,  which  in  some  instances  had  small  fillets  at  their 
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greatest  projection,  and  in  others  smaller  shafts  or  filleted 
mouldings  were  placed  at  the  junction  of  the  large  shafts  : 
this  arrangement  differs  from  the  Early  English  in  the  col 
umns  being  more  closely  united.  The  octagonal,  cylindrical 
and  circular  pier  is  more  generally  to  be  found  in  small 
churches.  The  capitals  are  more  frequently  bell-shaped, 
crowned  by  quarter-rounds,  fillets,  and  other  mouldings,  and 
having  at  the  lower  part  a  beaded  or  chamfered  astragal. 
In  the  richer  instances,  or  in  large  churches,  the  capitals 
were  either  numerously  moulded,  or  ornamented  with  light 
elegant  foliage,  distributed  completely  over  all  parts  of  the 
capital  but  the  abacus  and  the  astragal;  figures,  battlements, 
and  the  ball-flower  were  frequently  introduced  on  it.  The 
bases  of  the  piers  differ  from  those  of  the  preceding  style,  in 
their  being  composed  of  two  or  more  small  round  mouldings, 
with  either  a  quarter-round  or  hollow  below,  and  beneath  it 
a  splay  or  curved  moulding  was  sometimes  introduced.  The 
ogee  form  was  in  some  cases  used,  but  it  more  frequently 
denoted  a  later  period.  In  plan,  the  base  mouldings  take 
various  forms,  not  always  following  that  of  the  shaft,  but 
changing  from  the  circular  to  the  octagonal,  and  from  the 
octagonal  to  the  square. 

The  windows  of  this  style,  as  we  have  before  stated,  differ 
from  those  of  the  Early  English  style,  in  having  their  open 
ings  connected  and  blended  together  either  by  geometrical 
or  flowering  tracery  comprised  under  two-centered  arch 
mouldings.  They  are  generally  large  and  of  good  propor 
tion:  those  which  were  placed  either  at  the  east  or  west, 
fonts,  or  at  the  transepts,  varied  from  three  to  seven  lights 
each,  and  were  divided  by  mullions,  which  at  the  springing 
of  the  arch  branched  out  either  into  geometrical  or  flowing 
combinations.  The  great  variety  of  the  traceries  in  windows 
of  this  style  renders  their  description  extremely  difficult. 
In  the  best  and  most  perfect  instances,  we  find  a  principal 
and  subordinate  arrangement;* the  extreme  mouldings  bound 
ing  the  general  forms,  whilst  the  secondary  or  inside  mould- 
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ings  mark  the  disposition  and  form  of  the  lights.  It  is 
scarcely  necessary  to  observe,  that  these  harmonious  arrange 
ments  of  flowing  lines  were  not  produced  solely  from  a  cor 
rect  perception  of  beautiful  forms,  but  were  grounded  on 
that  consummate  skill  and  mathematical  knowledge  for  which 
the  freemasons  of  this  country  were  so  eminent  Square- 
headed  windows  were  very  frequently  employed,  both  in  the 
aisles  of  the  smaller  churches  and  m  the  clerestories;  in  many 
of  them  the  ball-flower  is  inserted  into  the  hollows  of  the 
jambs  and  along  the  top  mouldings,  and  sometimes  it  is 
introduced  into  the  under  mouldings  of  the  label.  Seg- 
mental,  flat-headed  and  circular  windows  were  likewise  used. 
Windows  of  triangular  form,  having  the  sides  curved  and 
filled  in  with  tracery,  are  likewise  peculiar  to  this  date,  and 
either  used  to  fill  up  the  angle  of  the  gable  or  in  clerestories. 
Square  and  diamond-shaped  windows  are  sometimes  intro 
duced  in  churches  of  this  period. 

The  buttresses  of  this  style  are  more  varied  in  form  and 
disposition  than  those  which  preceded:  in  the  smaller  build 
ings  they  are  generally  of  two  stages,  and  frequently  finished 
by  gable-headed  terminations,  sometimes  adorned  with 
crockets  and  finials.  A.  gable  is  sometimes  introduced  at 
the  middle  weathering,  and  at  the  top  there  is  only  a  succes 
sion  of  weatherings  or  moulded  water  tables,  with  a  splay 
and  half  round  moulding  at  the  nosing  or  greater  projection. 
Traceries  and  panels  are  frequently  sunk  within  the  faces  of 
the  buttresses  of  the  large  ecclesiastical  buildings.  Kiches 
were  likewise  made  in  some  of  those  attached  to  parochial 
churches.  Except  in  large  buildings,  where  the  buttresses 
have  pyramidical  terminations,  the  gable  heads  are  not  car 
ried  above  the  parapets.  In  many  cases  both  the  heads  and 
set-offs  are  weathered  and  splayed  without  enrichment:  the 
buttresses  of  this  date  were  placed  at  the  angles,  or  diagon 
ally  with  the  faces  of  the  walls.  Flying  buttresses  were  also 
used. 

The  niches  of  this  penod  were  generally  surmounted  bj 
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canopies  of  a  pedimeriral  or  ogee  form.  The  parapets  were 
pierced  with,  trefoil  and  quatrefoil  openings.  Gurgoyls,  or 
grotesque  figures  projecting  from  the  walls,  were  first  em 
ployed  to  conduct  the  waters  from  the  gutters  Concerning 
the  other  minor  details,  we  cannot  now  speak. 

We  have  now  reached  the  "  third  period  of  the  pointed 
style"  which  may  be  dated  from  the  latter  part  of  the  four 
teenth  century  to  the  commencement  of  the  sixteenth,  or 
early  in  the  times  of  Henry  the  Eighth.  The  general  pecu 
liarities  of  the  fully  developed  style  of  the  fifteenth  century 
are  chiefly  visible  in  the  increased  expansion  of  the  upright 
and  square  tendency  of  the  tracery  of  the  windows,  the 
gorgeous,  fan-like  tracery  of  the  groinings,  the  four-centered 
arches  and  horizontal  lines  of  the  doorways,  the  excessive 
decoration  of  the  wooden  roofs,  and  in  the  decoration  of 
heraldric  enrichments  and  color. 

The  next  class  is  "  The  Castellated  and  Domestic  Buildings 
of  England,  from  the,  barman  to  the  Tudor  Times."  The 
buildings  of  the  Anglo-Saxon  nobility,  as  well  as  those  of 
the  burgesses  and  common  people  of  England,  were  of  a  very 
hnmble  character,  and  consisted  of  timber  covered  with  reeds 
and  straw;  the  former,  says  William  of  Malmsbury,  "  squan 
dered  their  ample  means  in  low,  mean  dwellings."  On  the 
settlement  of  the  Romans  after  the  Conquest,  the  kings, 
nobility  and  prelates  erected  large  and  magnificent  palaces 
or  castles;  and  the  barons  were  equally  jealous  in  raising 
fortified  castles,  as  were  the  priests  in  erecting  fortified 
buildings.  This  change,  like  all  others  in  the  art  of 
building,  was  the  result  of  necessity:  the  ISTormans  found, 
that  although  they  had  conquered,  and  intended  to  retain 
possession  of  the  country,  yet  they  were  surrounded  by  vas 
sals  by  whom  they  were  detested,  on  account  of  the  plunder 
and  subjugation  to  which  they  were  compelled  to  submit. 
Boring  the  reign  of  Stephen,  from  1135  to  1154,  no  less 
titan  1115  castles  were  raised  from  their  foundations.  An 
eminence  near  a  river  was  the  situation  usually  chosen:  the 
boundary  walls  were  often  of  great  extent,  and  in  plan  very 
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irregular  their  form  regulated  by  the  nature  of  the 

position,  or  levels  of  the  ground:  the  whole  was  surrounded 

by  a  broad  ditch,  called  the  fosse,  which  could  be  filled  with 
water  when  required.  The  most  advanced  work  beyond  the 
fosse  was  the  barbican  or  watch-tower;  It  was  placed  "before 
the  drawbridge  and  principal  entrance,  as  a  protection  from 

sudden  assaults;  these  outworks  were  of  great  strength,  and 

so  planned,  that  if  the  gate  was  forced,  those  within  could 
still  annoy  the  assailants  from  the  turrets  and  embrasures 
daring  their  attack  OE  the  drawbridge  entrance.  Within 
the  ditch  was  a  wall  of  great  strength,  frequently  from  8  to 
9  feet  in  thickness,  and  as  much  as  30  feet  in  height;  towers 
were  placed  at  the  most  commanding  or  principal  positions 
of  it,  in  which  the  principal  officers  of  the  castle  resided: 
inside  of  the  wall  were  the  apartments  for  the  retainers,  ser 
vants,  as  well  as  storehouses  and  necessary  offices.  On  the 
top  of  the  wall  was  a  platform  extending  the  whole  length 

over  the  towers:  the  side  towards  the  ditch  was  pro 
tected  by  battlements.  The  great  gate  was  flanked  on  each 
side  with  a  square  or  circular  tower,  and  above  the  gateway 
were  rooms  which  communicated  with  those  in  the  towers. 
The  mode  of  protecting  this  entrance  was  by  a  portcnllis,  or 
framework  of  wood  faced  with  iron;  it  was  fixed  in  a  groove, 

was  raised  or  lowered  by  machinery;  behind  this  were 
massive  oak  double  doors,  which  were  either  covered  with 
iron  or  nail-heads.  Within  the  external  wall  was  a 

large  or  court,  containing  the  chapel:  in  some 

instances  ditch  or  wal  enclosed  aa  inner  court  or 

ballianij  where  the  or  keep  was  placed.  This  great 

tower7  the  principal  stronghold  of  the  castle,  was  built  on 
the  most  elevated  spot,  on  an  artificial  mound, 

varied  four  to  five  stories  in  height.  The  walls 

were  of  thickness,  in  the  passages  or  stairs 

were  built:  the  opening's  were  small,  and  admitted  but  little 
light  the  Tils  building  was  used  as  the 

of  the  or  of  the  castle,  and  was 
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provided  with  underground  vaults  for  the  confinement  of 
prisoners.  On  the  second  floor  was  the  state  room  or  hall  for 
entertainment,  as  well  as  a  chapel.  This  mass  of  masonry 
was  made  to  contain  provisions  and  ammunition  for  a  long  de 
fence,  in  the  event  of  the  rest  of  the  castle  being  taken :  the 
well  was  usually  in  the  centre  of  the  tower,  and  had  openings 
to  each  floor.*  The  only  admission  to  this  tower  was  by  a  door 
at  from  15  to  20  feet  from  the  ground,  approached  by  a  steep 
external  staircase.  The  whole  of  this  strong  building  was 
surmounted  by  projecting  battlements  and  machicolations, 
through  the  openings  of  which  arrows,  stones  and  other  mis 
siles  were  thrown  on  the  assailants.  In  the  beginning  of  the 
fourteenth  century,  the  habitable  began  to  change  into  the 
castellated  mansion. 

The  Domestic  and  Civil  Architecture  of  England  of  the 
Tudor  and  Elizabethan  periods,  differ  from  the  preceding  in 
its  applicability  to  domestic  as  well  as  ecclesiastical  structures. 

In  the  ornamental  domestic  architecture  of  the  fifteenth 
and  sixteenth  centuries,  generally  designated  Tudor,  (there 
are  very  few  examples  before  that  period,)  we  perceive  the 
same  style  as  that  of  the  ecclesiastical  buildings  applied  to 
another  class,  where,  although  the  parts  are  somewhat  differ 
ently  composed,  the  style  of  ornament  and  detail  is  essen 
tially  the  same.  Some  features,  such  as  doorways  and 
porches,  are  very  little  altered  from  those  of  churches;  while 
others,  unknown  to  the  latter  class  of  buildings,  such  as 
chimneys  and  projecting  windows,  became  highly  character 
istic  decorative  in  this.  Oriel  and  bay  windows  are 
peculiar  to  this  style:  these  terms  are  often  used  indiscrimi 
nately; — the  former  of  these  project  out  in  the  upper  part 
of  the  building,  and  overhang  that  below,  being  corbelled 
mouldings  splaying  downwards  on  every  side :  the  latter 
may  be  similar  in  openings  and  ornament,  but  they  rise  imme 
diately  from  the  ground,  and  are  connected  with  the  building 
by  the  "base  and  string-course  mouldings.  Oriels  are  both 

*  These  at  Eocliester  and  Conisburg  are  still  existing. 
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single  and  compound,  that  Is,  are  either  confined  to  one  of 
the  upper  of  the  building,  or  carried  up  through  ail 

Its  stories. 

Although  chimneys  had  been  long  Invented,  and  were 

much  In  use  for  other  rooms,  our  ancestors  do  not  appear  tc 
have  introduced  them  generally  Into  their  halls  until  the 
end  of  the  fifteenth  or  the  early  part  of  the  sixteenth  cen 
tury.  The  previously  open  heartlij  on  which  the  ire  was 

made,  was  In  the  centre  of  the  hall,  aad  the  smoke  escaped 
through  the  louvre  lantern  in  the  roof:  about  tills  period 

they  were  added  to  many  halls  of  an  older  date. 

The  jreneral  plan,  as  we  have  before  observed,  of  the 

larger  maasIoES  of  the  Tador  period  was  quadraagnlar,  con 
sisting  of  an  lauer  and  base  coart?  between  which  stood  the 
gate-house:  on  the  side  of  the  Inner  court  facing  the  en- 
trance,  the  principal  apartments  were  placed;  these  consisted 
of  the  hall,  the  chapel,  the  great  chamber  and  dining-room, 
and  were  connected  with  a  gallery  for  amusements,  running 
the  whole  length  of  another  side  of  the  quadrangle. 

The  .sreat  halls  In  the  palaces,  maasioas  and  colleges  of 
tills  period  were  extremely  lofty,  frequently  predominating 
over  the  surrounding  buildings:  the  ceilings  and  roofs  were 
very  boldly  constructed  and  elaborately  ornamented. 

The  reign  of  Elizabeth  Is  remarkable  for  the  introductioii 
of  a  style  of  domestic  architecture  more  systematic  in  plan, 
more  commodloES  in  its  arrangements,  and  Imposing-  in  its 
effects,  any  preceding.  Up  to  this  period  the  mansions 
of  the  were  only  one  story  IE  height,  and  In  plan 

greatly  in  the  requirements  incidental  to  the  Im 

proved  sock!  condition.    Indeed,  the  domestic  architecture 
Elizabeth  a  more  scientific  character,  and 

we  have  ample  evidence         no  building  was  now  undertaken 
without  the  previous  arrangement  of  a  well  considered  plan 
ofl  the  arts  of  and  coastnictloa  were  now  pab 

lished,         architects  had  to  act  npoa  a  system  IE  the 

construction  of  the  of  the  aristocracy.    Tht 
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principal  deviation  from  the  plans  of  the  Tudor  houses  was 
in  the  frequent  introduction  of  bay  windows;  the  improve 
ment  in  the  galleries,  which  were  now  generally  lofty,  wide, 
and  more  than  100  feet  in  length;  that  of  staircases,  from 
being  small  and  inconvenient,  to  occupying  a  considerable 
portion  of  the  mansion,  and  communicating  with  the  entrance 
or  staircase  halls  of  spacious  dimensions.  The  exteriors  of 
the  porticoes  were  greatly  enriched  with  carved  entablatures. 
columns,  pilasters,  figures,  armorial  bearings,  and  every 
variety  of  device  which  the  most  fantastic  imagination  could 
supply. 

To  houses  of  this  date,  terraces  of  great  grandeur  were 
generally  attached,  connected  with  each  other  by  broad 
lights  of  steps; — they  were  bounded  by  richly  perforated 
parapets  or  balustrades.  The  windows  retain  more  of  the 
Gothic  character  than  any  other  feature;  they  were  divided 
by  mullions  and  transoms,  although  their  height,  as  well  as 
width,  was  generally  much  increased:  In  some  examples  there 
are  three  or  four  tiers  of  openings,  diminishing  in  height  as 
they  ascend. 

The  Italian  Orders  are  much  introduced,  but  their  classic 
proportioas  not  attended  to:  the  columns,  pilasters,  and  piers 
are  usually  banded  in  several  conrses  by  square  blocks,  which 
are  constantly  decorated  with  diamond  or  jewel-shaped  pro 
jections:  this  ornament  is  of  very  frequent  occurrence,  and 
may  be  considered  as  a  distinct  characteristic  of  this  style. 
The  entablatures  are  more  usually  broken,  either  by  project 
ing  profiles  or  scrolled  and  voluted  ornaments.  The  bay 
windows,  parapets^  and  gables  are  terminated  in  general  by 
perforated  ornaments  of  either  a  square,  circular,  or  scroll 
form. 

This  singular  manner  of  designing  must  be  examined  to 
be  well  understood:  no  description  can  possibly  convey  a 
just  of  its  complex  forms  and  elaborate  ornaments. 
There  is  perhaps  no  class  of  English  architecture  more  com 
pounded  of  inconsistencies,  defects,  and  beauties,  than  this 
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mixture  of  Gothic  and  Italian;  but  to  be  properly  appre 
ciated,  it  should  be  studied  with  a  mind  unbiased  alike  by 
the  tendencies  of  a  previous  education  and  the  indiscriminat* 
ing  caprices  of  fashion  The  application  of  this  style  to 
country  mansions  is  unquestionably  not  to  be  equalled  by 
any  other,  as  its  varied  forms  of  plan  and  outline  will  either 
harmonize  or  contrast  beautifully  with  scenery  of  any 
description 

One  of  the  most  celebrated  architects  of  the  reigns  of 
Elizabeth  and  her  successor  was  John  Thorpe,  who  designed 
and  erected  most  of  the  principal  palatial  edifices  of  the 
time.  The  general  form  of  his  plans  is  that  of  three  sides 
of  a  quadrangle,  and  the  portico  in  the  centre.  When  the 
quadrangles  were  used,  they  are  surrounded  by  an  open 
arcade  or  corridor  Bernard  Adams  and  Lawrence  Brad- 
shaw,  Robert  and  Huntingdon  Smithson,  were  also  eminent 
architects  of  this  period. 

The  plaster  ceilings  of  the  Elizabethan  date  are  particu 
larly  deserving  of  attention,  on  account  of  their  richness  and 
beautiful  arrangement :  the  fire-places,  paneling,  cornices, 
friezes,  and  ornaments  of  the  principal  apartments,  were  ex 
tremely  varied,  and  generally  good  in  design. 

The  early  part  of  the  seventeenth  century,  during  the 
reign  of  James  the  First,  is  the  period  of  the  introduction  of 
unmixed  Italian  architecture  into  England:  it  is  to  be  attri 
buted  to  the  genius  of  Inigo  Jones,  who,  in  the  early  part 
of  his  professional  career,  had  erected  and  altered  several 
large  buildings  in  the  mixed  style,  which  continued  to  pre 
vail  until  his  masterly  designs  of  the  Venetian  school  caused 
a  general  admiration  and  adoption  of  this  class  of  art  Lit 
tle  is  known  of  Inigo  Jones  or  his  works  as  an  architect  pre 
vious  to  1605,  when  James  the  First  visited  the  university 
of  Oxford,  at  which  time  he  was  employed  on  the  quadrangle 
at  St.  John's  college,  and  had  been  to  Italy:  from  that  time 
until  Ms  second  visit,  the  buildings  on  which  he  was  engaged 
were  of  a  mixed  or  transition  character 5  when,  by  a  carefdJ 

10 
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study  of  the  works  of  Palladio,  lie  perfected  Ms  taste,  ripened 
his  judgment,  and  laid  the  foundation  for  his  future  well- 
merited  reputation.  On  Ms  return  to  England  he  was  appoint 
ed  to  the  office  of  Surveyor  of  Public  Buildings,  and  from 
that  time  Ms  fame  and  practice  rapidly  increased. 

The  numerous  works  executed  by  Jones  have  received,  at 
different  times,  both  praise  and  severe  criticism  :  it  must  be 
admitted  that  his  admiration  of  Palladian  architecture  some 
times  led  him  to  adopt  plans  and  arrangements  for  houses 
not  altogether  suited  to  our  climate  or  habits,  and  to  aim  at 
a  splendor  of  design,  wMch,  under  the  circumstances,  could 
not  be  accomplished.  The  combination  of  his  windows  was 
Italian,  aad  the  piers  between  them  were  frequently  so  large 
as  to  offer  too  much  obstruction  to  the  admission  of  suffi 
cient  light.  Objections  have  been  offered  to  the  height  of 
Ms  roofs,  and  the  unmeaning,  as  well  as  useless,  introduction 
of  porticoes  in  the  centres  of  Ms  fagades.  The  encourage 
ment  received  by  Inigo  Jones  was  brought  to  a  close  by  the 
misfortunes  of  Ms  royal  patron:  art  or  artists  found  so  little 
favor  or  encouragement  during  the  time  of  the  Common 
wealth,  that,  unmindful  of  Ms  talents,  he  had  to  pay  £545 
as  a  penalty  for  being  a  Roman  Catholic.  Disappointment 
and  trouble  accelerated  his  death,  wMch  took  place  in 
1651. 

The  fire  of  1666,  which  destroyed  nearly  the  whole  of 
London,  was  the  occasion  to  wMch  Sir  Christopher  Wren 
was  indebted  for  the  opportumties  of  displaying  his  skill  in 
architecture  and  constructive  science.  One  of  his  first  de 
signs  was  that  for  the  rebuilding  the  city  on  a  regular  plan, 
which  unfortunately  was  never  carried  wholly  into  effect, — 
and  is  the  more  to  be  regreted,  as  we  then  should  have  been 
spared  the  inconvenience  resulting  from  our  present  bad 
arrangement  The  task  of  re-erecting  the  cathedral  of  St. 
Paul  and  the  greater  part  of  the  churches  in  the  city  was 
intrusted  to  Wren,  whose  distinguished  talents  were  fully 
equal  to  the  stupendous  undertaking.  No  architect,  before 


OF  ARCHITECTTBE.  Ill 

or  since  Ms  time,  lias  possessed  such  a  variety  r  f  knowledge, 
both  In  design  and  construction:  the  multiplicity  and  mag 
nitude  of  Ms  works  proclaim  the  universality  of  Ms  genius. 
The  same  hand  produced  the  noblest  of  modern  cathedrals, 
the  largest  palace,  hospitals,  and  numberless  public  and  pri 
vate  buildings,  besides  twenty-five  churches  In  the  city  of 
Loudon.  Great  length  of  days  were  bestowed  on  hint;— * 
tf  lie  lived  to  enrich  the  reigns  of  several  princes,  and  dis* 
graced  the  last  of  them;" — (at  the  advanced  age  of  86  he 
was  removed  by  George  I.  from  the  office  of  Surveyor  Gen 
eral;) — "lie  restored  London,  and  recorded  its  fall;" — lie 
designed  and  lived  to  complete  a  beflding  which  is  the  boast 
of  England  and  the  admiration  of  the  world,  of  which  a  gen 
eral  description  is  all  that  we  can  give. 

The  cathedral  church  of  St.  Pan!  stands  on  a  greater  por 
tion  of  the  site  of  the  old  one:  the  designs  were  approved  by 
Charles  II.,  and  the  warrant  issued  for  the  execution  of  the 
works  on  the  1st  of  May,  1675.  The  first  stone  was  laid  on 
the  21st  of  June,  1675:  within  ten  years  the  walls  of  the 
choir  and  aisles  and  the  north,  and  south  porticoes  were  fin 
ished,  and  the  piers  of  the  dome  were  brought  up  to  the 
same  height.  The  highest  stone  on  the  top  of  the  lantern, 
which  was  the  last,  was  laid  by  the  son  of  the  architect,  in 
1710.  The  whole  ediice  was  completed  in  thirty-five  years, 
having  only  one  architect,  one  master-mason,  and  the  see 
being  occupied  the  whole  time  by  one  bishop. 

The  plan  of  St.  Paul's  is  a  Latin  cross,  measuring  from 
east  to  west  480  feet;  its  general  breadth  oa  the  exterior  is 
125  feet,  and  from  the  north  to  the  south  ends  of  the  tran 
septs  280  feet.  The  western  end  of  the  ediice  is  flanked  by 
towers  on  the  plan  as  the  walls,  but  projecting  27  feet 
beyond  the  north  and  south  walls,  thus  making  the  whole 
width  of  the  facade  180  feet.  The  exterior  of  the  building 
of  two  Orders; — the  lower,  or  OomtMai^  stands  on 
a  10  feet  above  the  ground,  wMch  is  the  level  of 

the  church,  which  on  the  western  side  is  approached  by  a 
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magnificent  flight  of  marble  steps,  extending  nearly  the  whole 
breadth  of  the  front.  Erom  this  level  to  the  top  of  the 
entablature,  or  the  whole  height  of  the  Order,  is  50  feet ; 
and  from  this  to  the  upper  part  of  the  second  Order,  which 
is  Composite,  is  40  feet ;  thus  making  the  whoie  height  of 
the  body  of  the  church  100  feet  from  the  ground.  A  mag 
nificent  portico,  of  the  two  Orders  in  height,  ornaments  the 
western  front;  the  lower  story  consists  of  twelve  coupled 
columns,  and  the  upper  of  eight,  besides  four  pilasters  ;  this 
portico  is  surmounted  by  a  pediment,  on  whose  tympanum 
the  subject  of  the  conversion  of  St.  Paul  is  sculptured  in 
high  relief.  At  the  ends  of  the  transepts  are  porticoes,  in 
form  of  a  segment  of  a  circle,  round  which  are  six  fluted  Co 
rinthian  columns;  this  is  crowned  by  a  half-dome,  resting 
against  the  wall  of  the  building. 

In  the  absence  of  an  elevation  and  section  of  the  dome 
and  lantern,  it  would  be  nearly  impossible  to  give  a  satisfac 
tory  description  of  the  constructive  peculiarities  of  this  and 
other  portions  of  the  building;  we  must  therefore  content 
ourselves  with  only  giving  the  dimensions.  The  height  from 
the  pavement  to  the  opening  of  the  inner  dome  (which  is  of 
brick- work)  is  168  feet,  and  its  diameter  100  feet.  On  the 
hanvches  of  this  dome,  at  200  feet  from  the  pavement,  rests 
the  base  of  a  cone  of  brick-work,  the  top  of  which  is  285  feet 
from  the  level  of  the  church:  this  carries  a  stone  lantern  55 
feet  high,  terminating  in  a  dome,  and  above  this  is  a  ball 
and  cross.  The  external  dome  is  of  oak,  covered  with  lead, 
and  is  supported  by  horizontal  and  vertical  timbers  resting 
on  corbels  txed  in  the  brick  cone.  The  lateral  thrust  of  the 
cone  and  the  interior  dome  is  restrained  by  four  tiers  of  strong 
iron  chains,  bedded  with  lead  in  grooves  cut  in  the  masonry 
at  the  base  and  at  different  heights  on  the  exterior  of  the 
dome.  The  towers  at  the  extremities  of  the  western  front 
are  220  feet  high,  and  ornamented  with  Corinthian  pilasters, 
terminating  above  the  roof  of  the  church  in  open  lanterns, 
and  cov  3red  with  domes.  On  the  exterior  of  the  building. 
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die  intervals  of  the  columns  and  pilasters  are  occupied  by 
niches  or  windows  with  semi-circular  or  horizontal  heads, 
and  crowned  by  pediments.  In  the  upper  Order  of  the 
north  and  south  sides  there  are  no  windows,  as  it  is  merely  a 
screening  wall  to  the  nave. 

This  edifice  may,  for  elegance  of  design,  bear  comparison 
with  any  in  Europe,  not  even  excepting  St  Peter's  at  Rome, 
though  it  is  far  from  being  so  large  It  must  be  admitted, 
however,  that  the  interior  faces  of  the  walls  present  a  naked 
appearance,  and  require  much  embellishment  from  ornament 
al  sculpture  before  they  will  harmonize  with  the  richness  of 
the  exterior  A  great  defect  also  arises,  in  the  interior, 
from  the  want  of  connection,  which  is  caused  by  the  arcades 
interrupting  the  entablatures.  Sir  Christopher  Wren  ap 
pears  to  have  surpassed  all  those  who  preceded  him  m  the 
skill  required  for  raising  a  building  on  the  minimum  of  foun 
dation  Some  criterion  may  be  drawn  of  the  comparative 
skill  employed  in  the  construction  of  other  buildings  some 
what  similar,  by  comparing  the  ratio  between  the  area  of 
the  whole  plan  and  that  of  the  sum  of  the  areas  of  the  whole 
of  the  piers,  walls,  and  pillars  which  serve  to  support  the 
superincumbent  mass.  To  produce  the  greatest  effect  by  the 
smallest  means  is  one  of  the  first  qualifications  of  an  archi 
tect,  and  the  similarity  of  four  churches  affords  a  criterion  of 
their  respective  merits  as  to  the  least  amount  of  solid  for 
area 

Wren  lived  to  complete  St  Paul's  (which  cost  <£736,752y 
exclusive  of  the  stone  and  iron  enclosures  round  it,  which 
cost  ^£11,202):  he  died  in  1723,  at  the  age  of  91,  and  was 
buried  under  the  fabric, — with  four  words — 

SI   QUJERAS   MONTJMENTUM   CIRCUMSPICE. 

At  the  commencement  of  the  eighteenth  century  flourished 
Sir  John  Yanbrugh,  who  built  edifices  after  fashions  of  kih 
own. 

After  him  came  James  Gibbs,  who  built  many  churches 
and  other  buildings;  then  came  Sir  William  Chambers,  the 
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architect  of  Somerset  House  and  the  author  of  an  excellent 

work  on  civil  architecture. 

England  to-day  practises  all  sorts,  and  has  no  distinctivi 
style  of  its  OWIL 
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BOOK    III. 


CHAPTER  I. 
Definition  of  Architecture — Its  Necessity,  Uses  and  Requirements. 

"*  Well  building  hath  three  conditions  :  Commodity,  Firmness  and  Pelight." 

SIB  HJ2TRY  WOTTON. 

ABCHITECTUBE  is  the  art  of  well  building;  In  other  words> 
the  perfect  adaptation  of  a  building  to  each  of  its  parts,  and 
to  the  purposes  of  its  building.  There  Is  a  wide  difference 
between  the  art  of  Building^  and  Architecture — but  none 
between  Architecture  and  ?«ff-Bni!diDg.  Xo  building  is 
well  built  which  does  not,  in  addition  to  all  its  utilitarian 
purposes,  eYince  the  greatest  beauty  capable  under  the  cir 
cumstances,  to  attract  the  attention,  to  exercise  the  fancy, 
to  the  passions,  to  call  forth  the  aspirations,  or  to 

lazzle  with  its  imposing  majesty,  as  may  be  most  appropriate 

The  contemplation  of  perfection  is  always  the  contempla 
tion  of  a  thing  of  Beauty.  Perfection  is  always  beautiful, 
truly  has  It  been  of  Architecture,  or  well-building, 
that  it  is  "  the  art  of  the  beautlfol  in  building.7* 

The  of  "  a  thing  of  beauty  is  a  joy  forever, w 

and  has  Sir  Henry  Wottcra  said  that  "  Delight11  is 

aa  of  Architecture.    That  building 

mot  in  the  breast  feelings  of  pleasure 

or  is  not  or  Arehitectore, 

In  no  civiized  is  the  art  of  true  Architecture  less 

or  in  the  United  States.    True, 

we  are  of  nearly  every 

style,  and  of  areMtectnre,  wMch  his  ever 

in  any  portion  of  tie  globe.    But  there  is  a 

prevailing  too  trar  people,  that  If 
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it  be  "  firm  or  stable,"  and  commodious  or  convenient,  that 

all  that  Is  required  is  had.  This  sentiment  was  never  learn 
ed  by  man  from  nature,  nor  does  he  act  upon  it  in  his  other 

occupations  and  pursuits.  The  rain  that  descends  from  the 
heavens  to  moisten  the  earth  and  to  nourish  vegetation,  fails 

not  while  doing  its  work  to  paint  the  beauteous  rainbow  to 
please  and  gladden  the  hearts  of  all  observers.  Our  coun 
trymen  should  have  it  impressed  upon  them  that  even  though 

their  buildings  be  convenient  and  stable,  unless  they  show  all 
the  beauteous  perfection  which  the  circumstances  admit,  they 
are  neither  architectural  or  well-built.  Buildings  may  be 
sometimes  perfectly  fitted  to  their  purpose,  and  yet  not  only 
devoid  of  beauty,  but  positively  hideous  and  disgusting  to 
the  eye.  There  are  four  points  quite  necessary  to  be  kept  in 
view  in  Architecture — Politeness,  Beauty,  Expression  and 
Poetry. 

1st.    Politeness.    From  the  time  that  selfish   Cain,  the 
first-born,  beat  down  as  an  enemy  and  destroyed  his  brother 
Abel,  the  second-torn,  to  the  present  day,  selfishness  has 
been  a  dominant  and  degrading  principle  of  manhood.    As 
in  the  human  breast,  so  selfishness  began  to 
die.    Step  by  step  may  we  see  man's  exelosiveness  expand 
ing          self  to  the  family,  from  the  family  to  the  tribe,  from 
the  tribe  to  the  nation,  till  to-day  we  see  manhood  owning 
for  Ms  brother.    He  even  does  not  now  consider  that 
or  structure  well-built  which  does  not,  in  addition  to 
its  of  utility,  possess  that  beauty  which  will  awa 

ken  and  delight  in  the  breast  of  every  brother 

who  contemplates  it.    That  selfishness  which  erects 
with  a  single  eye  to  the  convenience  of  him  who 
builds  them,  has  out.      The  fraternity  of  manhood 

requires  that  it  must  be  adorned  with  beauty,  built  with  pro 
priety,  and  order,  so  as  not  to  offend  to  the  sense  or 
of  but  to  please,  to  amaze,  or  to  compliment 

3d.  Is  ever  associated  with  perfection,  not  ornament. 
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The  beauty  of  simplicity  far  exceeds  the  mock  beauty  of 
g-audy,  showy  ornamentation.  The  beauty  of  simplicity 
never  fails  to  call  forth  admiration.  Beauty  is  not  capable 
of  divlsioa  into  Its  constituent  parts — its  Yery  essence  con 
sists  in  its  wholeness.  Our  limits  will  not  permit  us  to 
follow  our  author  in  his  attempt  to  divide  under  general 
heads  the  rations  parts  of  beauty. 

3d.  Expressif/n.  Education  is  not  required  to  feel  the  ex 
pressiveness  of  art:  give  us  the  mind  wholly  uneducated  in 
it ;  give  us  the  rustic  or  the  child  unused  to  cities,  uucorrapt- 
ed  by  the  sight  of  abused  architecture,  and  he  shall  imme 
diately  feel  in  the  true  art  all  its  intended  effects, — shall  be 
awed  by  the  sublime  majesty  of  the  Doric,  or  raised  by  the 
Heavenward  aspiration  of  the  dothic  temple  ;  soothed  by 
the  repose  of  Palladio,  and  enlivened  by  the  playful 

fancy  of  Scammozzi  •  sobered  by  the  severe  purity  of  the 
Greeks,  relaxed  by  the  picturesque  riot  of  Yanbrugh  ; 
attracted  by  the  inviting  urbanity  of  the  Yicentine  villa,  and 
repelled  by  the  gloomy  frown  of  the  Florentine  castle. 
Among  pieces  of  true  architecture  he  shall  not  need  to  ask 
which  is  the  temple,  and  which  is  the  forum.  lie  shall 
know  at  a  the  festive  theatre  and  the  stern  hall  of 

hoodwinked  justice,  the  modest  hospital  and  the  patrician 
palace.  He  not  mistake  what  is  public  for  what  is 

private,  nor  fail  to  distinguish  which  buildings  are  dedicated 
to  which  to  or  to  repose.  All  this  is  ex- 

by  art,  not  conventionalism,  and  is  intelligible  to  the 
as  well  or  better  than  to  him  of  cultivated 
taste-itfend  why?  the  cultivation  required  does  not 

la  m  the  prejudices  of  a  life, 

— in  rid  of  the  of  imbibed  during 

yenrs  in  the  of  an  ImcfiseriiBliiate  mixture 

of  every  thing         is  expressive  in  archi 
tecture;  the  of  it  all  alike,  for  the         of 

fancy  of  'discretion.   In 

the  to  feel  the  of  this  art, 
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there  is  nothing  to  be  learnt,  but  every  tiling  to  be  unlearnt. 

The  savage  and  the  highly  cultivated  are  alike  in  this 
respect ;  or  rather,  the  acme  of  this  cultivation  is  to  approach 
as  near  as  possible  to  the  feelings  of  the  totally  ignorant, — 
of  one  to  whom  all  architecture  is  new.  But  to  those 

brought  up  in  modern  English  cities  this  is  perhaps  impossi- 
ble,  (I  do  not  mean  in  its  perfection,  but  in  such  degree  as 
to  be  useful,)  so  completely  must  their  natural  sense  of  right 

and  wrong  become  in  this  respect  deadened  and  .subverted, 
oy  the  time  their  education  is  complete. 

If  there  be  no  differences  of  expression  in  architecture, 
then  is  it  no  fine  art,  but  a  trifle  beneath  the  notice  of  an 

educated  man,  and  which  must  soon  find  its  level,  by  sink 
ing  into  the  hands  of  mere  constructors  and  decorators. 

Definite  expression,  though  almost  forgotten  and  become 
a  dead  letter,  in  modern  English  architecture — though 
almost  above  the  reach  of  the  art  in  its  present  state — is  yet  • 
not  the  highest  aim  of  that  art,  in  its  complete  form.  It  is 
acknowledged  that  this,  in  common  with  all  the  arts  of  ex 
pression,  presents  in  its  most  excellent  works  a  merit  or 
merits  not  to  be  described  or  conveyed  in  any  other  medium 
than  the  art  itself, — moreover,  a  degree  of  excellence  supe 
rior  to  mere  expression,  because  capable  not  only,  like  that, 
of  reaching  and  affecting  the  mind,  but  also  of  elevating,  re- 
iaing,  or  improving  it. 

In  the  want  of  a  better  term,  this  portion  of  each  art  has 
been  called  its  poetry, — a  very  questionable  application  of 
the  name  of.  one  .art  to  express  a  particular  portion  of  an 
other.  However,  we  must  take  words  as  we  find  them,  and 
content  ourselves  with  distinguishing  the  tMngs  to  which 
they  have  been  applied. 

Poetry,  in  its  ordinary  and  strict  acceptation,  cannot  exist 

where  there  is  no  language — no  assertion  made — no  story 

— no         stated.    Now,  we  have  denied  to  architecture 

tie  power  of  doing  this.    The  phonetic  arts,  viz.,  historical 

and  historical  sculpture,  may  do  it :  they  speak  a 
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language — -a  natural  and  universal  language — and  therefore 
may  be  poetical,  in  the  strictest  sense  of  the  word.  But 
architecture,  like  music,  lias  no  natural  language,  and  is 
only  degraded  when  it  attempts  to  speak  an  artificial  one 
by  means  of  conventional  signs.  Nothing  can  be  pushed  out 
of  its  proper  sphere  without  being  degraded;  in  a  lower 
sphere  it  Is  cramped,  and  its  highest  qualities  stifled;  in  a 
higher,  it  is  equally  degraded,  because  its  inability  to  do 
what  is  required  of  it,  is  exposed.  Architecture  is  not  ex 
alted  by  attempts  to  render  it  phonetic^ — to  make  it  serve 
the  purpose  of  a  language. 

Where  there  is  no  language,  there  can  be  no  poetry,  in  its 
strict  sense;  yet  we  hear  of  the  poetry  of  music  and  of  arch 
itecture  ;  hence  this  term  must  here  be  taken  in  a  more  ex 
tended  sense.  It  may  be  understood  ia  three  ways;  first,  as 
applying  to  the  untaught  portion,  or  that  portion  which 
transcends  the  rules  and  theory  of  the  art  in  their  present 
state;  as  including  those  beauties  or  perfections  in 

each  art,  which  are  not,  or  have  not  been,  conveyed  in  any 
other y — consequently,  not  in  words;  or  thirdly r,  as  applying 
to  those  qualities  by  which  its  highest  productions  are  cal 
culated  to  produce,  not  only  a  transient  emotion,  but  a  per 
manent  effect  oa  the  beholder.  In  either  case,  the  precise 
limit  of  the  application  of  the  word  must  be  vague:  the 
lowest  production  in  which  any  poetry  may  be  considered  to 
exist,  be  exactly  pointed  out;  but  of  its  existence  in 

the  highest  efforts  of  the  art,  there  is  no  difference  of  opinion. 

Whoever  the  hundred  columns  of  the 

hai  of  the  of  Kamae;  whoever^  by  the  tssistr 

of  or  and  of  the  fragments  in  the  Brit 

ish  Museum,  restores  rebuilds  in  Ms  mi&d's  eye,  the 

but  of  tie  Athenian  goddess;  whoever 

the  of  the  Colosseum,  to  the  edge  of  its 

whoever  the  of  AmienSj  or 

tie  of  of  Salisbury;  whoever 

one  of  of  finds  mo 
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poetry  in  it,  must  be  incapable  of  discovering  it  in  any  tiling 
else — in  nature  or  in  art. 

There  is,  then,  or  ratter  there  has  been,  such  a  thing  as  a 
poetry  of  architecture ;  and  we  may  therefore,  including  this, 
consider  the  whole  aim  of  "  architecture  proper,"  apart  from 
building,  under  four  heads, — politeness,  beauty,  expression, 
and  poetry.  It  has  been  the  object  of  the  present  chapter 
to  point  out  to  the  reader  this  fourfold  use  of  architecture  : 
first,  as  a  courtesy  due,  from  every  one  who  builds,  to  hu 
manity,  on  whose  ground  and  in  whose  sight  he  builds; 
Mc&ndly,  as  a  further  refinement  of  this  courtesy  into  positive 
beauty,  by  attention  to  whatever  may  please  the  mind;  and 
preference  of  what  may  please  its  higher  faculties,  before 
that  which  may  please  the  lower,  when  they  are  incompati 
ble;  (the  justice  of  this  preference  constituting  the  difference 
between  right  and  wrong  in  art,  commonly  called  good  and 
bad  taste;)  thirdly •,  as  a  mode  of  conveying  to  the  mind  defi 
nite  emotions,  suited  to,  and  even  indicative  of,  the  character 
and  general  destination  of  the  work;  lastly,  as  a  means  not 
only  of  affecting,  but  of  exalting  or  improving.  The  archi 
tecture  which  attains  only  the  first  of  these  objects  is  no 
more  than  a  polite  art;  when  it  reaches  the  second,  it  be 
comes  an  ornammtal  art;  by  attaining  the  third,  (and  not 
otherwise,)  it  gains  a  title  to  be  considered  a  Jim,  that  is, 
an  art:  in  those  very  few  of  its  productions  in 

which  the  last  purpose  has  been  accomplished,  does  it  de 
serve  to  be  called  a  Mgh,  a  poetic  art.  As  the  first,  its  aim 
is  to  as  the  second,  to  please;  as  the  third,  to 

aad  as  the  last,  to  TEACH. 
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CHAPTER  II. 

(hcular  and  Formal  Beauty — First  Genefalizathn  thereon—  Unity 
and  Variety — Graduation  Contract. 

It  i»  the  natural  progress  of  instrnetion  to  teach,  first  whai  Is  cbricas  an4  per- 
•*"j'tiblft  to  tie  senses,  and  from  hence  procure!  irra/laally  to  cotton*  lurjre,  liberal, 
and  complete,  such  as  comprise  the  more  refined  and  iaigfeer  excel!*  nee-  In  art. 

Sm  JOSHTA  KEYHOLES. 

GREAT  difference  exists  among  writers  with  respect  to 
wcular  aod  pleasure —  contending  that  such  a 

distinction  In  fact  exists,  wMle  others  deny  it,  and  assert 
that  the  eje  experiences  HO  more  in  contemplating 

one  thing          another —        is,  men 

tal  inferences  and  associations. 

It  would  seem,  however,  that  the  eye  its  choice  of 
<»fer?  for  children  and  savages,  in  the  choice  of  colors,  con 
sulting  nothing  beyond  the  immediate  gratification  of  the 
eye,  invariably  prefer  a  certain  class  of  colors — those  termed 
crude  or  positive — to  another  class,  those  which  we  term 
dull  colors  or  tones.  This  is  a  mere  sensuous  preference, 
tike  that  of  sound  or  favor. 

The  discovery  of  a  physical  for  the  preferences  of 

the  eye          be  considered  one  of  the  greatest  triumphs  of 
Inductive  It  is  perfectly  kaowa  that  the  difference 

is  the  ia  the  of  hearing.     The 

are  by  the  inconceivably 

r  ippi   repetition  of  or  very  regularly 

or  even  The          or  duller  colors  are  by  the 

i  r  r  vibrations. 

The  of  is?  the  to  a 

jstxtaposItOB  of  colors,  to         of  any  other  two, 

or  separately, 

be  an  beauty;  for  tie  (by 

the  of  discover  any  relation 

11 
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between  red  and  green,  for  instance,  which  does  not  exist 
between  blue  and  green.  "We  can  only  say  that  the  former 
harmonize,  and  the  latter  do  not.  As  the  mind  knows 
nothing,  in  general,  about  this  harmony,  the  mind  can  hav$ 
nothing  to  do  with  the  appreciation  of  it.  The  cause  of  this 
harmony  is ;  two  sets  of  vibrations  which  are  each  regular 
in  itself,  and  which  bear  a  simple  ratio  to  each  other,  by 
uniting  together,  form  a  vibration  which  is  therefore  regu 
lar  and  musical;  but  two  vibrations  which,  however  regular 
each  may  be  alone,  bear  no  commensurable  ratio  to  each 
other,  will,  by  their  union,  produce  a  totally  irregular  vibra 
tion:  that  is,  a  noise.  There  are  many  nice  discoveries — 
perhaps  nothing  more  than  theories — concerning  the  cause 
of  harmony  of  colors.  On  the  whole,  it  would  appear  that 
the  laws  of  coloring,  as  a  gratification  of  the  eye  only,  are 
simply  these; 

1.  That  the  more  regular  the  vibrations  of  any  given  color 
may  be,  the  more  pleasing  will  it  be  in  itself,  apart  from  fit 
ness  or  association  with  others. 

2,  That,  as  these  isochronous  colors — (colors  caused  by 
regular  vibration) — have  a  more  exciting  effect  on  the  reti 
na  than  those  which  are  of  the  same  brightness  but  not  iso 
chronous,  the  repose  afforded  by  a  change  from  the  former 
to  the  latter  is  also  grateful;  so  that  we  should  follow  the 
example  of  nature's  works,  throughout    which  the  sober, 
mixed  or  subdued  tones  are  the  rule,  and  the  pure  or  isochro 
nous   colors  the  exception;  for  it  is  a  less  evil  to  be  able 
to  find  excitement,  than  to  be  able  to  find  repose. 

S.  That  variety  of  coloring  is  abstractly  (without  refer 
ence  to  fitness,  &c.,)  more  pleasing  than  monotony,  especi 
ally  when  the  colors  that  adjoin  each  other  have  their  vibra 
tions  in  a  harmonic  ratio;  that  is,  when  they  form  contrasts, 
and  still  more  when  they  are  varied  in  intensity  or  brillian 
cy,  or  both,  as  well  as  contrasted  in  quality. 

4.  That,  as  variety  is  an  exciting  quality,  owing  to  the 
which  each  point  of  the  retina  undergoes* 
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the  from  variety  to  of  color  Is  required 

for  repose;  so  here,  again,  we  should  Imitate  nature,  in 
which  of  coloring  is  the  rale,  and  the  excep 

tion;  the  former  found  is  all  large  objects, 

and  the  latter  only  in  small  and  scattered  OTg-anlsins. 

Many  writers  hare  attempted  to  apply  "  the  harmonious* 
theory  of  proportion  to  the  dimensions  of  buildings,  without 
any  satisfactory  result. 

Equal-timed  or  equal-spaced  is  confessedly  beau 

teous.  It  is  adopted  in  all  the  higher  arts,  leads  to  the 
rhythm  of  poetry,  or  the  equal  spacing  of  the  windows  of  a 
palace. 

I  believe  the  chief  charm  of  this  quality  of  architecture  is 
to  be  traced  to  its  expression  of  courtesy 
for  the  spectator.    Tfeere  is  of  in  visi 

ble  objects,  is  commonly  ?  bat 

to  to  the  eye;  this  is  that  kind  of  or  unifor 

mity  which  consists  in  an  exact  correspondence  of  be 

tween  the  two  halves  of  an  object.     To  it  from 

other  of  uniformity  we  will  call  it  the  of 

h/drts.  We  hardly  observe  that  it  is  the  most  univer 
sal  in  its  natnrCj  pervading  all  of  organic  life,  from 
the  leaf  and  the  lower  up  to  man;  all  separate  and  dis 
tinct  creatures,  evea  inorganics  a  crystal  to  a 
world.  It  is  to  the  minor  ornaments  of  architecture  that 
we  look  for  its  Qlostration,  not  to  forms, 
principal  or  any  eoiistnietive  features,  fit 
ness  of  expression,  higher  ex 
cellences,  will  in  them,  with 

Ibeauty. 

la  of  we 

the  chief  to  ia  all  styles^ 

V*  be  YIZ  : — 

1.  in  all  of 

2.  Ms  not 
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only  in  one  ejection,  or  on  each  side  of  one  axis  or  plane  of 
division,  but  is  related  to  two  sucli  planes  at  right  angles  to 
each  other,  or  to  three  intersecting  each  other  in  a  single 
axle,  and  dividing  the  object  into  six  equal  sectors,  or  to 
four,  five,  or  any  number  of  such  planes,  subject  to  the  same 
condition;  all  which  practices  are  evidently  founded  on  na 
ture,  in  which  a  single  plane  of  uniform  division  is  charac 
teristic  of  all  the  higher  classes  of  animals,  and  of  numerous 
classes  of  flowers  and  fruits  (the  leguminosae,  papilionacese, 
&c.,):  two  such  planes,  or  a  double  uniformity,  though  a 
rather  uncommon  arrangement,  is  not  without  example  in 
many  vegetable  objects;  a  division  by  three  planes,  or  into 
six  sectors,  pervades  the  flowers  of  monocotyledonous  plants  • 
a  fourfold  uniformity,  or  eightfold  division,  runs  through 
those  of  the  crociferae,  &c. ;  and  a  fivefold  belongs  to  the 
great  majority  of  dicotyledonous  flowers,  and  to  the  lowest 
or  radiate  class  of  animals. 

3.  Preference,  of  curves  to  straight  lines. — Every  eye  pre 
fers  the  patterns  composed  of  curves  to  those  composed  of 
straight  lines,  abstractedly,  without  reference  to  their  situa 
tion,  Ac.  ;  and  though  every  complete  style  of  architecture 
presents  ornament  or  tracery  of  both  descriptions,  it  is  easily 
seen  that  the  rectilinear  is  introduced  always  from  other 
considerations,   abstract  beauty,   considerations  of  fitness, 
construction,  consistency  of  character,  &c., — or  else  to  give 
value  to  the  more  pleasing  forms. 

To  these  principles  we  may  add, 

4.  Preference  of  cwrves  of  contrary  flexure  to  those  which 
have  no  such  contrariety;  the  flowing  tracery  of  the  four 
teenth  century,  for  instance,  to  the  (so  called)  geometrical 
tracery  of  the  thirteenth,  which  is  equally    composed  of 
corves,  but  without  points  of  contrary  flexure.     Every  one 
has  heard  of  Hogarth's  *  line  of  beauty,1 — the  letter  S. 

5.  Pmftmnm  of  curves  of  varying  curvature  to   circular 

The  main  difference  between  Greek  mouldings  and 
Roman          between  Greek  vases  and  Ohirese,  is  that  the 
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former  are  composed  with  outlines  of  continually  varying 
curvature,  and  the  latter  with  circular  arcs. 

6.  Unity  or  ummtency  of  character. — Mixtilinear  form  or 
ornament  is,  in  general,  less  beautiful  than  either  that  which 
is  composed  entirely  of  straight  lines  or  entirely  of  curves. 
Thh  will  be  especially  the  case  when  several  straight  lines 
fall  together  111  one  place,  and  several  curves  in  another,  be 
cause  then  the  mixture  of  incongruous  principles  is  most 
obvious  The  defect  is  best  counteracted  when  the  straight 
and  curved  lines  are  equally  distributed  throughout,  and 
especially  when  a  general  principle  is  seen  to  govern  theii 
use,  that  is,  when  all  the  straight  parts  have  something  in 
common  besides  straightness,  and  all  the  curved  parts  some 
common  quality  besidts  their  curvature.  The  same  remarks 
apply  to  the  mixture  of  circular  with  variable  curves,  and,  in 
general,  to  every  attempt  at  mixing  different  styles  of  form 
It  can  succeed  only  when  some  new  law,  that  did  not  apply 
to  either  of  the  styles  separately,  is  introduced  and  made  to 
govern  their  respective  use,  and  thus  restore  that  consistency 
which  has  been  violated  by  the  mixture;  and  this  law  must 
be  so  extensively  applied  and  strictly  observed,  as  to  be 
quite  obvious  to  the  spectator  at  a  glance  Thus  those 
ingenious  decorators,  the  Arabs,  wishing  to  combine  the 
beauties  and  richness  of  two  kinds  of  ornament,  often  did  so 
without  inconsistency  by  placing  them  on  the  same  surface, 
but  giving  them  different  degrees  of  relief,  or  different  colors, 
so  that  one  appears  superposed  in  front  of  the  other,  without 
interfering  with  it.  The  eye  can  follow  each  separately,  as 
the  ear  follows  the  base  or  treble  of  a  complex  piece  of 
music 

It  is  hardly  possible  to  state  collectively  these  proximate 
principles  of  beauty  in  form,  without  being  led  a  step  higher, 
to  a  generalization,  which  reduces  them  all  to  a  broader 
principle,  though  still  only  a  proximate  one.  This  has  com 
monly  been  stated  as  the  combination  of  UNITY  with  VARIETY, 
It  is  best  explained,  perhaps,  in  the  words  of  Dr  Huteheson, 
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who  as  an  axiom3  (with  regard  to  mere  forma!  beau 

ty,)  that  where  the  uniformity  is  equal,  the  beauty  of  form& 
is  in  proportion  to  their  Yariety;  and  when  their  variety  Is 

their  beauty  is  in  proportion  to  their  uniformity. 
Unity  or  uniformity  is  in  its  widest  sense,  an 

of  of  size,  of  form,  of  number,  of 

of  of  aay  quality,  or  any  principle  what 

ever;  it  is,  in  method,  order,  law,  or 

It  is  so  far  to  Tariety,         they  can 

not  ia  to  any  one  Yet  the 

of  we  ETC  not  as 

in  a "  be- 

a 

caa         to  no  TMs  COD- 

sot  is  tbe  of         the  qualities,  bnt 

in        the  of          in  in          great 

est  — In  the  of  both. 

Of  this  eaa         be          by  the  IE  all 

the  of  the  of  in  to 

one  or  the  Tariety 

In  or  is  to 

tie  of  any  bat  Its 

will  be  la  to  tie  of  of 

or  aad  of  of  Tariety.     Hence 

tie  tie  or 

of  the          of  his  la  to          as 

as  ia  be  to 

0r  to  MoreoTer,  tie  of 

of  ami  of  of  tw 

If  the  in  we  say 

the  is  or  in  variety.    If,  en  the 

the  of  tre 

of  we  call  It  or  In 

'»,«.,  do  not  ai 

of          in  ©me          or  in  the 

hofi  only  an  to  tie  j* 
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deficiency  of  that  other  quality.  And  it  would  be  well  if 
these  faults  were  always  so  understood,  and  remedied  not  by 
removing  a  point  of  resemblance  in  the  one  case,  or  of  differ 
ence  in  the  other,  but  by  adding  the  contrary, — by  hunting 
out  some  new  point  of  difference  or  resemblance,  instead  of 
abandoning  an  old  one. 

Neither  unity  nor  variety  can  ever  be  carried  too  far,  if, 
for  every  instance  of  the  one,  an  instance  of  the  other  be 
also  found.  It  is  an  error  to  say  that,  in  any  composition, 
one  of  these  qualities  is  in  excess:  it  can  never  be  in  abso 
lute  excess:  it  is  the  other  quality  which  is  in  relative  defi 
ciency. 

Let  us  now  illustrate  this  principle  by  its  application  to 
the  simplest  cases  of  abstract  beauty  in  nature  and  in  art, 
leaving  the  reader  to  apply  it  to  more  complex  examples. 

It  is  extremely  doubtful  wbether  absolute  unity,  without 
any  point  of  variety,  can  constitute  beauty  in  any  object. 
We  have  an  instance  of  such  a  kind  in  a  straight  line  of 
equal  thickness  and  intensity  throughout  its  length.  There 
seem  to  be  cases  where  this  is  admired,  as  in  the  sea-horizon, 
in  a  stratiform  cloud,  &c. ;  but  we  shall  presently  show  that 
they  would  not  be  considered  beautiful  by  themselves,  and 
only  become  so  by  a  relation  with  their  accompaniments. 

The  case  is  very  different  when  the  line  regularly  dimin 
ishes  in  strength  from  one  end  to  the  other,  as  in  the  per 
spective  image  of  a  railway  bar,  a  distant  glimpse  of  a  lake, 
or  the  sea-horizon  in  many  cases.  Here  the  unity  of  direc 
tion,  in  all  parts  of  the  line,  is  accompanied  by  a  variation 
in  strength,  and,  again,  by  an  unity  in  the  law  of  this  varia,- 
tion. 

Even  without  this  latter  kind  of  unity,  a  straight  line, 
varying  in  thickness  irregularly,  as  the  angle  of  an  old  but 
firm  building,  is  allowed  to  possess  a  beauty  which  it  had  not 
when  new.  How  different  is  the  edge  of  a  warped  brick, 
or  an  ill-founded  building,  which  wants  the  unity  of  straight- 
ness. 
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An  irregularly  curved  line  is  destitute  of  beauty  because 

the  Tarietj  'of  direction;  Is  obtained  only  at  the  expense  of 
unity:  not  so  with  a  circular  arc;  though  the  unity  of  direc 
tion  is  abandoned,  there  Is  a  substitute  for  it  in  the  unity  of 

It  is  the  simplest  of  lines  that  can  be  beautiful 
In  without  the  aid  of  varying  thickness;  for,  while  Its 

ail  vary  la  oae  respect — direction,  they  all  agree  in 
the  rate  of  this  variatron,  L  e.,  In  curvature.    The  beauty  is 
however,  by  a  variation  in  thickness;  for 

are  HOW  two  points  of  variety,  viz.,  In  direction  and  in 
also  two  points  of  unity,  a  constant  rate  of 
and  a  constant  law  of  diminution. 
the  curve  is  the  least  beautiful  of  all  regular 

curves;  for,  In  all  others,  an  additional  kind  of  variety  Is  In- 
in  the  variation  of  curvature;  and  an  additional 
of  unity,  la  the  constancy  of  the  law  of  this  variation. 
Without  the  latter  circumstance,  no  increase  of  beauty,  but 
the  very  reverse,  would  accrue  from  the  mere  variety;  for  it 
be  at  the  expense  of  the  unity  of  curvature. 

the  varied  in  the  haunches  of  the  Tudor  arch 

is  a  When  similar  lawless  va 

riations  once,  they  produce  what  Is  called  a 

the  of  all  lines. 

The  is  In  beauty  by  all  other  simple 

but,  remedies  its  defect,  by 

its  always  elliptical  or  hyper- 

*     It  is  a  very  for  the  eye  to  be  exactly  in 

the  the  can  be  seen  as  a  circle,  and  In  such 

*         we  Its  beauty  admired. 

All  the  circle  resemble  each  other  as 

the  of  unity  and  variety;  and,  accord 

ingly,  we  of  any  preference  given  to  one  more 

*  CL,!H!  #T*  »  para**  M'corhjpvrbQlie  perepeetiYe  image  when  -we  -dew  the 
ialtrlr  r  cf  a  ct^me^  1  uildBctg  from  a  po:nt  perpmdlenlarly  muter  the  GTOamferenes 
e^  JM  nf  L»  b*<riz->3fetl  «/yu«  The  Ti»ib»e  portion  of  &-'*  circle  will  then  be  pro- 

f»et*1  as  a  f  ?ral  :V  a«.<»  nil  ferye   ^anzoatal  circles  as  hyperbolas  ;    only  those 

wlr.ela  ire  &m^'le<f  thaa  tMs,  being  seen  in  the  osaal  manner  as  effl^sea. 
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than  another,  on  account  of  abstract  beauty.     Hay  has 

rfiQwn  that  the  most  perfect  forms  of  Greek  pottery  and  or 
nament  may  be  imitated  by  combinations  of  elliptic  arcs. 
So  they  might,  doubtless,  by  arcs  of  any  carve  of  varying 
curvature.  The  parabola  is  admired  in  cascades  and  foun 
tains;  the  cafen/iry,  in  drapery  and  festoons;  the  freehold  and 
in  penmanship;  the  logarithmic  spiral,  m  shells  and 
volutes;  and  various  kinds  of  curves,  in  vegetation. 

It  may  be  doubted  whether  the  repetition  of  similar  ob 
jects  at  equal  distances  has  any  beauty  except  when  seen 
perspectively.  It  Is  hardly  ever  possible  (indeed  impossible, 
if  they  be  in  a  straight  line)  so  to  view  them  as  to  have 
their  images  formed  on  the  retina,  similar  and  equi-distant. 
Against  unity  of  form  of  direction,  then,  we  have  to  set 
off  variety  of  apparent  size  and  apparent  distance  apart;  this 
variety  still,  ia  each  ease,  subject  to  an  uniform  law 

of  increase  or  decrease.  There  are  thus  more  points  of 
unity  than  of  variety ;  and,  accordingly,  a  series  of  this  kind 
requires  but  little  extension  to  render  it  monotonous. 

If  the  series  be  arranged  in  a  regular  curve,  this  deficiency 
of  variety  is  suppled  without  diminishing  the  points  of  unity, 
the  unity  of  direction  being  replaced  by  that  of  cnrvature, 
&c.,  thns  the  beauty  is  greatly  augmented. 

We  illustrate  these  principles  by  a  (A)  com- 

of  circles  at  random,  and  varying 

uregularly  in  except  their  unity  of  form  and 

concentricity.  This  can  hardly  be  to  possess  any  posi 
tive  beauty,  it  would  be  by  comparison 
with  a  in  they  crippled  or  not  eoa- 

Ffr. 


ABC  0 

centric.     We          nothing  by  their 
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the  spaces  "between  them  (as  at  B,)  "because  this  is  sim 
ply  substituting  (in  both  alterations)  unity  for  variety, 
which,  in  both  cases,  we  abandon.  But  in  c?  the  two  prin 
ciples  are  reconciled,  the  variety  in  the  intervals  being  ac- 
by  the  unity  of  a  law  regulating  them  all:  thus  a 
certain  of  beauty  is  produced,  which  is  augmented  by 

the  introduction  of  another  source  of  variety  in  the  unequal 
thicknesses,  and  of  unity  in  the  regulation  of  these  also,  by 
as  law.  The  example  D  is  added  to  show  that  it 

not         the  variations  occur,  provided  there  be  as 

of  resemblance  as  of  difference. 

A  of  quantities  or  dimensions,  forming  a  progres- 

of  any  sort,  is  thus  always  beautiful,  however  complex 
be  the  law  of  the  series.    But  the  arithmetical  progres 
sion  is  less  beautiful  than  any  other,  for  the  same  reason 
the  circular  curve  is  less  beautiful  than  any  other.    In 
this,  the  direction  is  indeed  continually  varying,  but  always 
at  the          rate;          in  that,  the  successive  terms  of  the 
or  always  by  the  same  increment  or 

Both  are  improved,  therefore,  by  exchanging 
this  (of  the  curvature  in  one  case,  and  the  incre- 

in  the  for  variety,  provided  this  be  regulated  by 

one  law. 

the 
eai  is  tie 

curve   of  its 

as  any  one  will 

who 

two  A  being  the  ordinary  form 

of  the  Greek  lomc  volute,  viz.,   a  geometrical  or  logar 

spiral,  and  B  am  imitation  thereof,  as  it   appears 

in  the  of  a   "mixed  order,"  at  the  Greek  colony 

of  in  Siely.    TMs  is  the  only  instance  I  know 

of  m  a  form  well  worthy  of  the  bun* 

gfer  wbo  design   such   a  piece  of  inconsistency  as 

suorting  a  Doric  entablature,     ^Nature 
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instances  of  the  geometrical   spiral   in  every  uni- 
valve  thell, — of  the  arithmetical  la  none. 

A.  Mud  of  iron  fence  has  lately  beeu  introduced,  ID  which 

the  horizontal  bars  are  placed  at  progressively  increasing 
distances  from  the  upwards.  It  shows  how  much 

beauty  may  be  added  to  an  object  without  adding  anything 

else,  except  <  In  this  case ;  stability  and  mechanical  fitness. 

Serial  progressions,  however,  have  little  place  in  archi- 
te*  tare,  at  least  in  the  dimensions  of  principal  parts,  because 
equality  always  answers  the  same  purpose,  the  equal  divi 
sions  reduced  by  perspective  to  a  progressional  series. 
We  have  an  instance  of  an  actual  of  this  kind,  how 
ever,  in  the  of  St.  Bride's  steeple,  which  form  four 
of  a  ;  aay  one  may  easily 
eofiviaee  the  alteratios  in 
the  of  any  one  of  destroy  the  beauty  of 
the  whole  ; — a  very  different  effect  any  that  is  observed 
in  the  "  proportions,"  on  which 

insist        place          reliance. 

All  the  of  combining  unity  with  variety  hitherto 

loticedj  may  be  included  under  the  term  GBABATIOX.  Tltere 
is,  however,  another  mode  of  effecting-  this  object,  on  a 
totally  Where  there  are  only  two  ob 

jects  or          of  one  they  may  be          to 

in  and  vary  greatly,  or  even  as 

as  ifi  ;         this  of  reeon- 

variety  is  CONTRAST.    It  is  evideatly 

to  the  two  are  here 

or  pFe- 

can  be  no  between 

the  of  Whichever  tie 

in  any 

be  oat.    In  a  lime  is 

(of  — la  the  of  at  an 

Is  So         in  a  there  will  b* 

of         aai  — In  Hie  two  planes. 
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contrast  of  tlie  same  qualities.     In  either  case,  the  rounding 
off  the  aijgle  would  be  aa  attempt  to  compromise  between 
these  opposite  principles  of  beauty,  and  would  lead  to  a 
sacrifice  of  both,  without  an  equivalent ;  so  that  we  need 
not  wonder  at  this  practice  never  having  found  favor  in  any 
or  in  any  age,  however  depraved  in  taste.    To  this, 
we          attribute  the  absence  of  the  kyperlch  from  the 
extensive  list  of  ornamental  curves.    It  seems  the  only  sim 
ple  or  well-known  curve  that  is  banished  from  decorative 
probably  from  Its  too  near  approach  to  the  character 
of  an  off,  neither  the  beauty  of  con- 

nor  of 

Contrast,  then,  consists  in  a  perfect  similitnde  between  two 

objects  in  certain  respects,  accompanied  by  a  wide 

In  some  other  respect,  or  sometimes  in  two  or 

other  respects,  (in  wMcli  cases  we  may  term  it  double 

or  treble  contrast, )  but  the  simple  is  more  common.  Resera- 

are          as  necessary  as  differences,  and  indeed  must 

be  There  can  be  no  such  thing  as  contrast 

are  altogether  different.     In  most 

only  in  one  point?  and  are  alike  in 

every  other. 

of  Its  beauty  from  a  single 

of  fee  In  the  case  of  a  plane 

the  are          in  every  respect  except  posi- 

are  of  the  identical  form,  but 

so  we  see  the  of  the  oae  and  the  back  of 

the  In  a  they  are  contrasted  also  in  their 

of  tie  yet  perfectly  similar  in  form. 

the  of  forms  depends  on  the  first 

will  by  those  few  cares 

of  of        es,  la  this  (of  front  and 

is  as  in  the  s  and  z,  in  which,  however, 

the  still  a  of  position.    But  I  know  of 

a©  oa         principle. 

la          of  to  plaaes  of  division, 
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ije.  in  warlike  forms,  the  anruber  of  repetitions,  or  sectors,  uf 
similar  form,  is  always  «•««,  and  they  ire  alternately  re- 
versed^  front  for  back,  in  every  natural  example.  Art,  how 
ever,  ia  times  of  depraved  taste,  introduced  as  a  novelty, 
forms  of  this  kind  In  which  contrast  Is  neglected,  all  the  sec 
tors  presenting  the  same  side  to  the  spectator.  This  gives 
always  the  Idea  of  rotation,  whence  the  expression,  a  turn 
ing  star  or  lower.  This  kind  of  form,  of  course,  Is  proper 
for  a  wheel,  but  highly  Improper  for  any  part  of  a  fixed 
structure.  Its  non-occurrence  In  nature  is  sufficient  to 
prove  Its  Inferiority  also  as  regards  abstract  "beauty. 

Whenever  Xatnre  has  repeated  sectors  of  similar  form,  in 
this  without  alternate  opposition,  she  has  supplied 

Its  place  by  Introdnclng  another  element  of  variation,  viz., 
in  size.  In  way,  the  whole  class  of  univalve  shells  are 
composed,  by  a  number  of  sectors  an  axis,  al  alike  ID 

form,  but  whose  sizes  form  a  geometrical  progression 

The  beauty  of  curves  of  contrary  iexnre  (Hogarth's  prin 
ciple  )  generally  also  from  contrast.  Hence  It  Is  a  mis 
take  to  snpfK>se  that  the  from  convexity  to  conca 
vity  should,  be              ;  that  is  to  say,  to  say,  that  tie  ctorva- 
continually                 up  to  that  point  of  flexure, 
evanescent  at         point,  and  then  increase,  as  in  the 
/.    This  is  what  necessarily  occurs  in  all  curveSj 
a  contrary  flexure:  but  though  these 
are                     to           purposes,        have  a  beauty  of  their 
own,        is                      from  that  of  the  flexures  which  arise 
the                     of  two  curves,  less  frequently 
The                        is  one  of  gradation;  the  lat 
ter,  0ne  of                   for  as  the               from  one  law  of 
to  the                                         at  definite 
fxvnt.  it            be                                    of  the  of 
contrast. 

In  of  of"  iexnre,  it  wil  be 

of  in  the  two  curves, 

at  the  of  is  not  to  prevent 
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their    appearing    disjointed, — that  is,   deficient    in  unity. 
Hence  additional  kind  of  unity  should  be  sought  to 

connect  them,  and  this  we  may  find  in  equality  of  curvature; 
besides  which,  the  most  perfect  contrast  requires  similitude  in 
all  points  except  those  which  are  contrasted:  whence  the  con 
trast  of  two  opposite  and  posilire*  qualities  (as  convexity 
concavity)  will  be  most  perfect  when  they  are  both 
equally  removed  from  the  mean  (which  in  this  case  is 
straigtitiiess);  whence  we  may  infer  that  i  Be  deflexions  of 
tiie  two  curves  from  their  common  tangent  should  be  ini 
tially  — that  is,  their  cnrmturK  equal  at  the  point  of 
junction.  Accordingly,  in  examining  forms  of  this  kind,  it 
will  be  that  when  faulty,  their  fault  arises  from  the 
of  the  two  curves,  at  their  junction  being  too  unequal ; 
and  IB  the  Grecian  forms  composed  of  elliptic  arcs,  by  Mr, 
Hay,  it  will  be  that  the  most  gracefal  bends  are  those 
In  which  the  two  touch  at  two  points  havino-  the 

of  curvature. 

As  the  from  one  law  of  curvature  to  another  must 

the  nature  of  contrast,  there  appears  no  reason 
why  we  seek  to  diminish  this  contrast  without  the 

of  the  opposite  beauty— that  of  gradation, 

or  for  this  can          only  where  the  law  is  eon- 

or,  in  other  words,  where  the  whole  is  me  carve, 
therefore,  BO  foundation  for  the  rale  main- 
by  an  architect,  that  wherever  two  curves 

by  an  It  should  be  by  a  contact  of  the 

To  this,  we  must  observe  that  lines 

may          in  aa  of  ways.    When  they  coin 

cide  at  a  and  have  at  that  the 

ii  not  m  but  a  angle.     When 

they  hftTe  at  their  tie  but  different 

it  Is  a  of  the  order.     Of  this 

tie  of  one          with  aid  of  e  circle 


*  of  MURK,  apply  to  qwEtiM  of  cne  ii  only  tLe 

cf  cwatu*  art 
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(or  any  conic  section)  with  a  straight  for  the  cur 

vature  of  this  is  0.  Contacts  of  this  kind  between  two 
curve?  must  be  either  external,  (where  their  curvatures  are 
In  contrary  directions,  that  i>,  one  convex  towards  the  same 
side  that  the  other  5s  concave,  or  oae  -j-  the  other  < — , ) 
or  intent* I,  when  both  are  curved  the  same  way. 

Bat  a  contact  of  the  SECOND  order  requires  that  the  two 
lines  shall,  at  their  meeting  point,  coincide  not  only  in  di 
rection,  but  In  ciirratvre.     Hence  there  can  be  no  contact  of 
this  kind  between  two  circles,  (for  If  their  curvatures  were 
and  turned  the  same  way,  they  would  coincide  alto 
gether,  }  nor  between  any  conic  section  and  its  tangent,  be- 
there  is  no  pointy  in  any  conic  section,  that  is  desti- 
of  curvature.     But  a  curve  that  naturally  has  contrary 
iexure  raay  this  of  contact  with  a  straight  line 

through  its  point  of  (for  at  that  point  the  cur 

vature  Is  0,  being  at  its  transition  from  -j-  to  — .)      Such 
may         be  between  two  conic  sections,  as, 

for  instance,  "between  any  point  of  an  ellipse  (not  upon  one 
of  its  axis;  and  its  circle,  or  the  circle  which  both 

touches  has  equal  curvature  with  that  point  of  the 

ellipse.  Contacts  of  the  second  order  are  neither  external 
lor  internal,  "but  always  the  curve  which  is  the  outer 

one  contact,  becoming  the  Inner  one  afterwards. 

Bat  if  the  circle  the  at  the  end  of  one  of 

its  axes,  the  is  entirely  exterior  to  the  ellipse  if 

GQ  Its  entirely  Interior  if  on  its  end,  and 

In  it  is  of  contact  which  we  have  called 

curve  within  the  other.    TMs  is  a        of 

of  the  in  the  two  curve* 

only  In  in  but          in 

the         of  of  rate  Is  in  the 

0;  For  the  cf  tie  is  unvarying^ 

of  the  Is,  at  at  its  01 

IB  0f  the  other. 
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So,  also,  when  the  cnrvatures  are  not  only  equal  and  vary 
ing  at  the  rate,  but  tills  rate  of  variation  is  also  fixed 
in  both,  or  varying  at  the  same  rate  In  both,  the  contact 
will  be  of  the  FOURTH  order:  and  It  is  obvious  that-  these 
orders  may  be  extended  ad  infimilum.  We  may  add,  that 
all  contacts  of  an  eren  order  must  be  mixed,  and  all  those  of 
an  M  order  must  be  internal  or  external .  Hence,  in  so 
uniting  two  corves  as  to  form  a <£  line  of  beauty,"  or  contrary 
iexnre,  the  contact  can  never  be  of  the  second  or  any  eren 

The  in  architecture,  therefore,  of  contacts 

of  the         order,  would  lead  to  DO  little  complexity  in  the 
curves.    Even  in  the  simplest  case, — that  of  the  junction  of 
a  curve  with  a  straight  line,  (as  at  the  springing  of  an  arch 
its  pier, — we  should  have  to  banish  not  only  the  circle, 
but  every  conic  section,  and  use  some  more  complex  curve, 
as  have  a  point  of  infinite  radios  (1 e.,  of  con- 

flexure,  if  continued)  at  the  springing.    These  are  not 
but,  I  will  venture  to  say,/<2fe  refinements. 
By  to  conceal  the  change  from  one  line  to  an- 

as  if  it  were  a  they  tend  to  make  it  appear  one. 

^ow,  If  It  be  a  it  can  never  be  obviated  in  this  way  ; 

for  if  tie  even  of  the  oreler,  it  would 

still  be  a?  one  law  of  curvature  to  an- 

or  to  Hat  be  abrupt,  is 

as  a  as  possible,  and  not  as  im 

perfect  as  Tie  error  lias  from  inattention 

to  the  are  two          of  contrary  lexures,  the 

its  to  the  other  to  CONTRAST  ; 

the  first  cai  is  an  unbroken  con- 

of       —        is,  the  curve  on  both  sides  of 

the  is  one  ;  and          whenever  there  are  two% 

m  be  it  be  as  com- 

s  as  %  the  always 

of  the  ;  tie  contrary  cnrvar 

at 
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If  Tlews  of  curvilinear  form  be  right,  It  will  follow 

all  Internal  contacts,  and  all  osculations  (or  contacts 
of. anj  order  above  the  first,)  are  to  be  excluded  from  orna 
mental  design.  TMs  would  condemn  the  Tudor  arch;  for  in 
that  form  the  change  of  curvature  is  always  made  by  an 

internal  contact  of  two  circles:  and  though  It  was  a  capital 
invention  for  its  purpose,  as  we  shall  see  In  a  future  chapter, 

and  the  best  that  could  be  expected  of  a  school  of  masons 
who  appear  to  have  been  acquainted  with  no  curve  besides 
the  circle;  vet  its  obstinate  retention  at  the  present  day,  ,'to 
the  exclusion  of  the  far  more  it  and  perfectly  graceful  curve 
of  the  parabola, )  only  shows  architecture,  whether  as  aa  art 
or  a  science,  to  be  at  least  three  centuries  behind  the  rest  of 
the  world. 

The  object  of  this  chapter  has  been  to  consider  the  nature 
and  laws  of  those  of  beauty  in  architecture  which  be 

long  to  colors         to  forms  abstractedly ;  or  regarded  apart 
from  the  things  to  which  they  may  be  applied,  and  conse 
quently  without  reference  to  their  destinations;  or  to  the 
beauties  of  expression,  definite  character,  or  fitness.     The 
beauties  here  treated  of  are  those  to  which  Mr.  Fergnsson 
gives  the  term  aesthetic,  or  sensuous,  but  it  has  been  here 
to  be  shown  that  this  term  applies,  in  strictness, 
to  the  of  color,  and  that  those  of  form  are 

to  the  though  they  constitute  the 

of  so  addressed  ;  and  IB  as  far  as 

no  at  definite  expression,  or  the  excite- 

of  a  emotion,  do  not,  according-  to  the  views 

in  oar  chapter,  entitle  the  art  in 

"  they  are  to  the  of  a  Fine  Art, 


CHAPTER  HI. 
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IT  is  the  of  to  Mad  of 

or  la  its  so  as  never  t0 
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sacrifice  a  higher  beauty  to  a  Iower3  or  one  more  nearly  ap 
proaching  to  the  merely  sensual,  but  always  the  reverse. 

As  the  merely  sensuous  mnst  always  give  place  to  the 
intellectual,  where  they  are  incompatible;  so  must  all  the 
beauties  mentioned  in  oor  last  chapter^  not  merely  those  of 
color,  bit  those  of  unmeaning  form,  gradated  and  contrasted 
curvature,  give  way,  when  necessary  f  to  those  of  definite 
character  fitness. 

The  obvious  distinction  of  character  in 

of  every          is  into          may  be  the  bold  or 

the  or  delicate  styles  of  beauty.     The 

the          the  oak         the  palm?  the  rocky  mountains 
the  Mils,  the  heroic         the  poem,  the 

Hercules         tie  Apollo,  the  of  M.  Angelo  and  that 

of  Titian, —  are  a  few  examples  from  the  different  de 
partments  of  and  art,  that  will  illustrate  the  distinc 
tion  to. 

It  is  not  to  observe  that          two  oppo 

site          of  in  are  with  two 

of  or  two  in  the 

of  With  to  the  or  more 

of  tie  says, "  then, 

fee  as  by  or  winding 

to  me  to  be  coEneeted  in 

oar  or  to  lie  expressive 

to  us  of  I          beg  leave  to  men- 

of  to  a  enume 

ration. 

"  i.  The  of  in  nature,  which 

or  are 

fey  of  on  the 

or  aif 

iiy  or  In  the 

all  anil  the  asd 

bo*I!<-s  we 
IB  the  tfl  aref 
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:n  general,  distingnished  by  similar  forms."     [He  might  hare 

said  always,  in  their  principal  or  structural  part?.]     "  The 

feebler  aod  more  delicate  race  of  vegetables,  on  the  contrary, 
are  mostly  distinguished  by  winding  forms.  In  the  animal 
kingdom,  in  the  same  manner,  strong-  and  powerful  animals 
are  generally  distinguished  by  angular  forms ;  feeble  and 
delicate  animals,  by  forms  of  the  contrary  kind."  To  this 
might  be  added  the  example  of  the  human  figure,  ID 
which,  as  every  beginner  in  drawiBg  knows,  the  masculine 
outlines  are  those  which  always  present  the  nearest  approach 
to  angularity, — the  feminine,  most  roundness  and  contrary 
flexures. 

The  author  continues — "  2.  Inalltbose  bodies  whLh 

have  a  progress,  or  which  grow  and  decay  within  onr  ob- 
servaticB,  the  character  of  form, is  observable.  In  the 

"Vegetable  kingdom,  the  infancy  or  youth  of  is,  In 

general,  distinguished  by  winding  forms.    The  infancy  and 
of  is,  in  tbe  same  manner,  distinguished  by 

or  serpentine  forms  ;  their  nature  and  perfect  age? 
by  forms  more  direct  and  angular.     In  consequence  of  this 
forms  of  the  first  kind  become,  in  such  cases,  ex 
pressive  to  us  of  Infancy  and  tenderness  and  delicacy  ;  and 
of  the  second  kind,  of  maturity  and  strength        vigor. 
"  3.  Besides  these  very  obvious  associations,  it  Is  also  to 
be  observed,  the          of  touch,  forms  are 

to  us  of  sharpness,  ;  winding 

oa  the  contrary,  of  softness,  smoothness,  delicacy,  and 
;  and         connexion  is  so  permanent,         we  imme- 
the  of  these  when  the  bodies* 

are  by  the  eye.    There  is  a  very 

as  by  the  of  touch, 

of  as,  in  al 

ties  are  by  the  of 

tie 
to  the  eye,  sot  us  to 

*re  by  the  of  torn  A, 
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these,  to  Infer  also  those  qualities  of  mind  which  from  analogy 
are  signified  by  such  qualities  of  matter,  and  to  feel  from 
them  some  degree  of  that  emotion  which  these  dispositions 
of  mind  themselves  are  fitted  to  prodnee.  la  all  languages, 
figurative  expressions  of  a  similar  kind  will  be  found  ;  and 
whoever  attends  either  to  Ms  own  feelings,  or  to  the  mean 
ing  which  men  in  general  annex  to  such  words  in  applying 
them  to  forms,  will,  I  believe,  be  convinced,  that  the  emo 
tion  which  they  signify,  and  are  intended  to  signify,  is  found 
ed  the  qualities,  and  very  different  from  the 
or  sensation  which,  the  material 
convey. 

"  4.  The  observations  which  I  have  now          relate  prin 
cipally  to  curves,  or  to  forms  ia  which  a  single  emva- 
place,  as  the  curve  of  the  weeping  willow,  of  the 
of  trees,  of  the  stem  of  the  tulip,  and  the  lily» 
of  the  valley.     There  is  another  species  of  form,  commonly 
by  the  of  the  winding  or  serpentine 
in                            curves  place,  or  ia  which  a 
Mae              into               curvatures.    With  this 
I                   we                       and  a  very  important  as- 
1                   of            From  asso 
ciation  arises,  I  will  aot                to             ;  but  I  conceive 
every  one                                                         we  find  vege 
tables  or  aay                        or                   body  assume  sneh 
a           we  are                           the  conviction  of  its  being 
to                       and                  force  or  coa- 
On  the                                              in  the  line  of 

we  have  a  strong  im 
pression  of  the  of  of  that  either 

or         constrains 

to  an  one.    That  are 

to  as  of  and          and  forms 

of          or  a  singu 

lar  la  TK,}  in  ai  tie 

are  by  in  tie  voice. 
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—a  rirer  winds,  a  vine  wreaths  itself  about  the  elm,  a  flower 
bends,  &e  ;  while  on  the  other  hand,  all  directions  of  the 
latter  kind  are  expressed  in  general  by  the  passive  voice  of 
verbs.1'  [The  oak  w  gnarnerl,  the  river  is  suddenly  deflected, 
the  stem  ^$  contorted,  <fce.]  u  I  believe,  also,  I  may  appeal 
to  the  observation  of  the  reader,  whether  from  the  winding 
of  a  river,  of  the  ivy,  or  of  the  tendrils  of  the  vine,  he  has 
not  an  impre^ion  of  ease,  of  freedom,  of  something  agree 
able  to  the  object;  and  whether  in  the  contrary  forms,  in 
such  cases,  lie  lias  not  an  impression  of  uneasiness  from  the 
conviction  of  force  having  been  applied,  or  some  obstacle 
having  occurred  to  constrain  them  to  assume  a  direction 
unnatural  to  them  In  general,  therefore,  I  apprehend  that 
winding  or  serpentine  forms  are  expressive  to  us  of  ease,  and 
angular  forms,  of  force  or  constraint " 

Nature's  general  mode  of  expressing  strength  and  the  more 
exciting  qualities  being  by  angularity;  and  her  general  mode 
of  expressing  delicacy  and  the  soothing  qualities,  by  curva 
ture;  we  may  conclude  that  there  must  be  a  reason  for  this, 
— that  these  qualities  of  form  must,  m  themselves,  have  a 
onnexion  with  these  characters  and  emotions  of  mind,  inde 
pendently  of  all  association  with  natural  objects;  so  that  we 
should  perceive  the  difference  even  if  we  had  never  seen 
natural  objects  This  I  conceive  to  be  the  case,  for  the 
following  reason  :  Angles  are  instances  of  the  most  abrupt 
CONTRAST  between  the  directions  of  their  component  lines, 
while  curves  owe  their  beauty  to  GRADATION.  Of  these  two 
qualities,  contrast  is  certainly  that  calculated  to  exate ;  and 
gradation,  that  calculated  to  soothe. 

If  this  view  of  the  case  be  correct,  it  will  follow,  that  all 
other  kinds  of  contrast,  to  whatever  sense  addressed,  will 
partake  of  the  same  general  character  of  severe  beauty,  a« 
angularity  in  form;  and  that  gradation  or  modulation,  wher 
ever  found,  will  express  the  gentler  qualities,  as  well  as  cur 
vature.  Now  let  us  see  how  this  holds  good  in  the  other 
departments  01  nature  and  art,  apart  from  form 
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And  first,  of  light  and  shade:  if  Is  plain  that  tfao>«-  solids 
which  possess  straight  and  angular  outlines  will  general!? 
plane  surfaces,  in  edges  or  nooks.     Here, 

then,  the  two  that  meet  at  any  edge  or  nook  will 

rarely  receive  equal  degrees  of  illumination, — often  will  one 
be  in  broad  sunshine,  and  the  other  IB  its  own  shadow.  In 
BO  case,  however,  the  difference  of  luminosity  be 

or  little,  foe  any  softening  or  gradation  from 

into  the  other,         always  an  abrupt  contrast.     Bodies 
of  outline,  on  the  other  hand,  will  generally  possess 

every  point  of  which,  differently  in- 

to  the  rays,  receives  a  of  light  Inter- 

of  the  on  either  side  of  it,  so 

the  glows  with  pass 

ing          the  all  tints 

bnt  without  any  line  of  division,  or  aay 
Thus  the  of  which  most  con- 

to  of  outline,  to  contrasts  of 

oa  the  and  accompany 

of  to 

ami  the  fiat  are  two 

of  the  in  (as         be          by 

01  the  we  the 

of  not,  since 

the          of  the  Greeks,  to  to 

,  la  the  in  qees- 

I  to  the  incongruity  an 

and  a  He  con 

vex  oa  ia  Frasce  the 

are 
the  of  —  of 

its  eha 

less  to                   of                     to  tie  eon 

and                                the  of 

and                                              How  IF 
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character  is  the  beauty  of  curved  undulating  hills,  which 

even  when  magi  Ified  to  the  scale  of  the  Pyrenees,  are  rather 

beautiful  than  grand;  and  this  also  is  due  more  to  the  slia- 
dowing1  than  to  the  outline,  since  it  is  conspicuous  even  when 
the  sky-line  is  straight,  angular,  or  absent  from  the  view, 
bnt  can  hardly  be  rendered  in  an  outline  drawiiiir  only. 

Next,  with   regard   to  color,  the  great  philosopher  of 
painting  says — "  Grandeur  of  effect  is  produced  by  two  dif 
ferent  ways,  which  seem  entirely  opposed  to  each  other. 
One  is,  by  reducing  the  colors  to  little  more  than  chiaro 
scuro,  which  was  often  the  practice  of  the  Bolognian  schools; 
and  the  other,  by  making  the  colors  very  distinct  and  forcible, 
smell  as  we  see  in  those  of  Rome  and  Florence;  but  still  the 
principle  of  both  thos€  manners  is  simplicity.     Cer- 
tai&ly  nothing  can  be  more  simple  than  monotony;  and  tbe 
blue,  red,         yellow  colors,  which  are          in  the 
of  the  Roman  and  Florentine  schools,  though  they 
not  that  kind  of  harmony  which  is  by  a 

Tariety  of  broken         transparent  colors,  have  that  effect  of 
which  was  intended.     Perhaps  these  distinct  colors 
strike  the  more  forcibly  5  from  there  not  any  great 

between  them  ;  as  martial  music,  which  is  intended  to 
the  nobler  passions,  has  its  effect  from  the  sudden  and 
traasitions          one  note  to  another,  which 
style  of  ;  whilst  in         which  is  required 

to          the  the  notes  Imperceptibly  melt  into 

one  another."* 

It  be  observed  iftatthe 

by  to  colors          are  made,  at  Jnmi> 

to  one  into  the  other,  or  to  glow  with 

a  of  tints,  the  of 

of  as  in  the 

style  of  of  the  Yeaetiaiis,  of  fee 

"  in  the 

be  yet 

*  IT. 
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.hat  skill,  as  they  have  employed  it,  will  but  ill  correspond 
with  the  great  style.  Their  coloring  Is  not  only  too  brilliant, 
but,  I  will  venture  to  say,  too  harmonious  to  produce  that 
solidity,  steadiness,  and  simplicity  of  effect,  which  heroic 
subjects  require." 

The  analogy,  atwrre  out  by  this  master, 

the  forcible  and  styles  of  coloring-,  and  those 

of  will  the  in  tills  latter  art  also, 

to  us  a  sense,  the  oppo- 

of  the  ?ame 

I  not  passages 

to  the  to  pro?e  in  poetry  also  the 

styles  ia  antitheses, 

set  in  verbal  contradiction!  ;  while  in 

the  softer  contrasts 

are  the  to  another 

is 

We  on  the  the  distinction  of 

is  only  a 

of  tie  that 

and  by  the  of 

by  tie  of  gradntirm. 

It  the  of  this  source 

of  In  be  attributed 

t«  the  Is  the          art  to  It  ap 

plies.     Neither  tie  near  the  lias  to  study  the 

of  to  the  of  form, 

la  bat          in  the  or          of  ob 

jects  lie  is  He       to  not 

of  to  a  ; 

Unit  of  are 

by  the  or 

h«?  His  of 

lie 

are  all 

of  to 
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through  universal  nature,  Dot  only  through  all  existing  bit 
all  possible  forms,  this  choice  is  confined  to  the  limits  to 

which  Xalnre  lias  confined  herself  in  a  species;  so 

that,  compared  to  the  architect,  lie  resembles  a  musician 
composing  for  an  instrument  whose  ran.ee  is  exceedingly 

small ;  or  to  a  draughtsman  who  is  prohibited  the  n?e  of 

white  or  black,  and  confined  to  a  limited  scale  of  tints :  of 

e nurse  he  most  compensate  for  this  limitation  of  raD(ire  bv 
a  nice  discrimination.  But,  besides  this,  the  varieties 
of  expression  in  animated  forms  depend  on  other  principles 
those  applying1  to  forms  in  general  As  the  chemist 
and  physicist  find  the  laws  they  have  from  dead  mat 

ter,  all  applicable,  indeed,  to  living  organisms,  but  so  modi- 
fied  by  the  of  new  and  special          as  to  be 

hardly  recognised;  so  we  should  f-rr  In  applying 
the  laws  of  expression,  In  abstract  form,  to  imitations  of 
living  forms,  expressions  arise  from  associations  more 

narrow  and  concrete,  but,  at  the  same  time,  more 
powerful,  and  generally   quite  overpowering  those  which 
from  the  general  laws  applicable  to  all  forms 
whence  it  happens,  that  the  study  of  these  general 
is,  if  not  useless,  at  least  unnecessary,  to  the  pi  ofessors 
of  special  design  (painters  and  sculptors),  aid  fcas  thence 
the  professors  of  abstract  design 
and  decorators);  but  we  shall  endeavor  hereafter 
to  show,  that  only  %  attention  to  these  laws  have  the  styles, 
we  mfseopy^  and  misapply,  been  ori 

ginated  and 

If  it  be  I  of  no  doBlji, 

in  all  things,  (£.«.  all  those  do  not  af 

fect  us  by  aid  in  all  the  ©f 

as  color,  and  the  two 

of  are  of 

site  — the  aid 

the  aacl  — it  will 

In  IMF        to  the  and 

IB 
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file  of  the  above-named  properties,  (that  of  form,)  we  nay 
discriminate  between  the  two  extreme  styles  of  form,  or 
th<w  which  carry  out  the  said  principle  to  their  fullest  pos 
sible  extent,  sereral  Intermediate  steps,  several  varieties  of 
form,  which,  by  approaching  nearer  to  the  simply 

severe,  or  to  the  merely  elegant,  without  going  to  *faose  ex 
tremes,  will  be  for  various  purposes,  to  which  the 
extreme  of  woald  be  Improper. 

First,  then,  to  is  the  extreme  in  the 

of  the  of  contrast.     All  curves,  being 

of  the  —  are  evidently 

the  mast  be  of  straight 

and  All  are  contrasts,  but  all  are  not 

so.    The  the  directions  of  the  two 

Is  in  the  largest  angles 

On  the  the  difference  that  can  exist  be- 

is  Right  angles 

a  angles 

Thms,  will  powerfully  carry  oat  this  prin 

are   entirely  rectangular 

Bat  la  to  the  compli- 

of  we         to  not  only  the 

as  of  view?  bit 

the  to  the 

at  in  objects, 

the  of  coorsey  are  to 

bit  be  the  of  the 

or  ?    At          view  it 

tie  of  and 

he  by  the  pos 

sible  of  occurs  be- 

a  to  tie          rays, 

the         of  the  0r  a  it 

be  It  is  to  see 

at  and         tie  the  tie 

the  the  of  ma  eye  so  pita- 
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ated  a?  to  see  them  both.  On  the  other  hand,  the  larger 
the  angle  the  smaller  the  chance  of  the  sun  being  so  situated 
as  to  shine  perpendicularly  on  one,  without  illuminating  the 

other;  and  when  the  angle  is  larger  than  90  decrees  this  will 
lie  impossible.  An  obtuse  edge  or  nook,  then,  can  never  exhibit 
tin?  maximum  of  contrast  between  complete  light  and  complete 
shade,  though  every  right  angle  and  acute  one  TIWIJ  do  so,  and 
the  more  acute  the  more  frequently  will  this  happen,  but  the 
lw  frequently  will  it  be  seen.  On  the  whole,  then,  it  may  be 
reminded  fandT  indeed,  might  easily  be  mathematically 
pro  Fed)  that  the  greatest  chance  of  powerful  contrasts  occur- 
fi^ig  rind  being  will  be  in  the  case  of  a  rectangular  arris. 
The  solid  figures,  then,  that  most  completely  carry  out  the 
principle  of  contrast,  will  have  place  surfaces,  and  rectangular 
edges,  or  nooks.  This  is  the  case  with  most  rocks,  (especially 
the  older  limestones,  the  grandest,  perhaps,  of  them  all,)  in 
i  remarkably  uniform  manner.  The  requirements  of  organic 
lilies  generally  reader  planes  and  edges  inapplicable  ;  but 
yet,  in  their  outlines,  we  shall  perceive  the  grander  and  more 
powerful  objects,  in  both  the  vegetable  and  animal  kingdoms, 
to  be  characterized,  not  only  (as  Alison  remarked)  by 
but  chiefly  by  right  angles.  Such  are  the  junctions, 
chief  bends,  of  the  trunk  arid  branches  in  the  giants 
of  the  forest, — the  oak,  the  still  mightier  cotton  tree. — 
How  Is  tie  effect  of  generally  oblique  junctions  ; 

as  in  the  elm,  pines,  and  most  trees  and  shrubs. 

In  the  powerful  animals,  and  even  the  most  sturdy 

of  weaker  species,  the  straight  lines  and 

of  the  have  struck  every  one.    In 

the  rhinoceros,  the  ox?  and  the  bull-dog,  this  is  very  obvious. 
Is         less  curvature  (or,  at  least,  less  convexity)  of 
in  in  the  and  gentler 

;  for  it         be  all  eirvecl  snr- 

of  concavity 

so  to  less  convexity,  for  the  whole  or 

of  a  be  thrown  into  equable 
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shadow,  (a*  we  often  see  In  the  plates  of  a  Doric  column,} 
while  a  convexity  must  always  present  soft  gradatiofi.  Con 
cavity  also  necessarily  to  the  increase  of  edges,  and 
their  consequent  contrasts,  bat  convexity  to  their  diminution. 
So  prejudicial  is  convexity  to  the  of  expression 
under  that  to  avoid  or 
disguise  it  by  all  sorts  of  expedients;  as  rugged  bark,  shaggy 
coats,  of  the  rhiiioctros'  hide. 

but  be  regarded  a?  a 

one  the  seventy  and  grandeur  of 

the  It  is  in  slate  rocks, 

of  their 

anil  character,  ji  also  In  the  structural 

of  all  not  for  sturdiness 

It  be  the  character 

of  Is  that   of  elegance 

by  tlie  of  of  lines. 

lit  the  style  can  hardly  exist.    Hie 

of  we  can          is         of  a 

of  ;   but  are 

can  be  Pets  of  a 

not          of  bit  of  His 

Is  I  l^e  ea»t;  a  of  or 

as  In  a  any 

or  or  any  series  of  or 

at  or 

as  in  a  of  a  either  or 

as?  be  in  any  carve.     In 

will  the          of  a  and 

we  are  by  the  not         of  In 

any  bat         of  Is  t,o  the  eye  %  it. 

in          tlit4  step- 

Ike  of  ft  few  zig-zags,  or 

will  the  of  an 

line  or  and  k^t  a  of 

lie  ;  asi  la  fall  aff  § 
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little  from  grandeur  towards  elegance.  So  also  in  oblique- 
angled  design,  any  admission  of  the  principle  of  gradation, 

as  by  fun-like,  polygonal,  or  curve-like  arrangements,  rfill  so 
far  depart  from  the  severe  character,  as  to  bring  iu  close 
upon  the  verge  of  carvillnear  design.  It  may  be  observed 
that  whenever  small,  short-lived,  or  delicate  plants  aie  com 
posed  of  straight  Hues,  they  are  made  to  abound  in  these 
regularly  gradated  arrangements,  either  radiating  or  curve- 
suggesting.  The  equisetam  Is  an  instance  where  both  are 
fully  carried  out.  la  the  feras  also  the  straightness  and 
angularity  of  detail  (otherwise  so  contradictory  to  the  grace- 
fa!  curvature  of  the  geieral  forms)  is  modified  by  the  r  apious 
introduction  of  the  principle  of  gradation,  not  int/  ,-ed  la 

but  in  with  a  degree  of  regular'  »j 

uniformity  perhaps  unparalleled. 

From  such  examples  as  the  eqnisetnm,  the  traa.  tion.  to 

c&rrilia&'ir  design  is  hardly  perceived.    Here  it  is  ob  ervable 

those  curve  compositions  will  contain  most  of  the 

priaeiple  of  contrast  and  least  of  gradation,  which  contain 

aad  fewest  contrary  flexures  ;  for  the  jgh  the 

perhaps  be  regarded  (at  least  when  eomj  wed  of 

carves)  as  extremely  delicate^  or  infinitesimal  \         of 

yet  drawn  from  natural  obje  ts  have 

m  us  to  with  every  thing  soft,  fragile, 

aid  weak,          they  are,  and  always  mast  be,  the  variety  of 

removed  the  severe  and  exciting,  and  most 

completely  the  aad  soothing  qEalities. — 

Accordingly  it  the  varieties  of  Gothic  tracery 

in  this  of  is  introduced,  (as  the 

French  flamboyant,}  are  ag 

the  pre- 

eef  ag  do  not  less  cnr¥atmre?  but 

are  only  by  and  of 

by 
A  be 

or  of          curves, 
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ones,  or  those  in  which  the  same  curve  (with  the 

equation)  continues  throughout.    We  considered  this 

distinction  in  our  last  chapter,  and  may  now  observe  that 

the  former  class  (the  artificial  or  were  the  only 

"  lines  of  beauty"  known  to  or  employed  by  the  Gothic 

artists,  (except  of  coarse  In  imitative  sculpture/}  and  that 

the  (the  were  the  oaly  ones  used 

by  the  Greeks,  or  by  nature,  as  far  as  we  have  the  means  of 

To  this  all  tiie  of  the 

;  as  all  of  the  belong,  on  the 

to  the  and  class. 

Forms         be  as  their  inherent  or 

essential  expression,  /apart  from  association,)  Into  at  least 

fire  classes,  to    their  degrees   of   contrast  or 

;  the  most  severe,         forcible,  to  the 

and  delicate.     Tims  we         arrange  : 

L  Seetllamr         reetangolar  fonas. 
IL  but  obl!qae-angte4  fonas. 

1H.  Carrilja^tr  witboci  contrary  fiexure*. 

IV,  Corriii&Mur  ferms  with  wtlleia! 
V.  Carrilmemr  with  natural  lesares. 

In  of  natnre  or 

of         we  of                                or  ell                      of 

Let  us              then,  to  of 

a                      the  of           are  natu 
rally 

the  on                     . 
**  Tie                                      of  every  di 
rect                                            in  we              the 
of               and                      *        *        *       A 

be  la 

lut                            not  be  A               co 
lumn,  10  the  eye,  Is 
to  be  less  tie                and 

*        *        * 

the           of  tie  of  all 

is  toe              the 
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growth  of  the  stem  and  the  direction  of  the  branches  being 
in  both  alike,  and  in  both  also  either  In  straight  or  111  angu 
lar  lines.  It  is  principally  in  the  more  delicate  parts  of  the 
fir?t,  in  tie  young  shoots,  and  in  the  foliage,  that  they  devi 
ate  from  this  form  and  assiinie  winding  or  curvilinear  direc 
tions. 

It  may  be  taken,  then,  as  a  principle  hardly  admitting  of 
question,  that,  as   in   nature,  so  in  art,  the    graver   and 
more  forcible  varieties  of  form  should  in  every  case  pre 
vail,   most  in  the  ruling  and  structural  parts  of  a  work, 
and   that  the  more    elegant    varieties  should   find  their 
chiefly  ia  the  ornamental  details.    In  all  the  most  ap 
proved  works,  of  whatever  style,  this  will  be  found  an  invio 
lable  rale.  Whether  a  portion  only,  or  all  of  the  five  classes 
of  form  be  employed,  the  class  nearest  the  beginning  of  the 
above  list  will  be  found  in  the  ruling  forms  and  divisions; 
and  that  placed  latest  ia  our  list  will  be  confined  to  the 
and  most  ornamental  parts;  the  intermediate  class  or 
being  found  in  features  of  an  intermediate  degree  of 
Importance. 

In  deciding  to  which  of  the  five  classes  of  form  a  given 
should  belong,  we  may  consider  this  to  be  dependent 
OH  elements  Justly  ;  1st,  the  graver  or  higher  charac 

ter  of  the  destination  of  the  building  ;  2dly,  the  greater  or 
less  importance  of  the  feature  itself ;  and  3dly,  its  height 
the  ground.  And  by  regarding  each  of  these  elements 
the  others,  we  may  deduce  these  three  rales : 
I   That    in  of  different  destinations,  features 

are  of  the          importance,  and  placed  at  the  same 
relatively  to  the  whole  buildings  to  which  they  be- 

never  be  to  a  graver          of  ^ 

ia  the  of  the  lighter  destination,        meg 

II.  In  the  braiding,  and  at  the 

tie  and  onetural  should 

to  a  of  subordinate 

BQF          to  a 
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111.  Hat  in  the          building,  features  of  the  same  degrte 
of  inijfOrtaiK'e,  but  situated  at  different  levels,  should  never 

be1oL,ir  to  a  graver          of          at  the  higher  level  than  at 
the  lower. 
TLtse  will,  I  believe,  be  found  to  more  or  less 

extensively  to  and  to  In 

proportion  as  the  or  are  more  or  less 

by  of  Let  us  examine 

a  few 

la  the  we  of  the  first ?  third, 

IB  the  Doric  Is  strictly 

IB  the  and  up  to  the  higher 

of  the  structure, 
la  the  Ionic,  the  in 

la  the                     Order,  we  have            in  the  second, 

and  fifth         — the  exclusively  in 
al  the 

la  the  tbe                       of  the 

led  to  a  fre- 

is  tie  of                          In 

tad                  ami  this  for  &  far 
of                      in  the 

of  of 

It  in  crar  to          for  tie 

e!p>i»  of  the 

fail  o!  the  the  rise  of  the 

ap  a  of  the  of  the 

and  tie  of  the  first 

in  the 
A*  the  !%!»tef  of          are  the 

la  is 

the  far  erf 

on  the  of  the 
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.here  Is  of  the  contrary  evil.    Accordingly,  it  was  in  this 
ray  that  the  Greek,  the  Gothic,  and  the  Italian  systems  ail 

leelined  and  fell  after  their  perfection  had  been  reached,  aiid 
*hange  began  to  be  sought  no  longer  for  the  sake  of  Improve- 
Bent,  but  for  the  sate  of  change.    To  these  we  might  add 
the  Moorish  system,  wMeh  seems  to  have  culminated  in  the 
Alhambra,  and  afterwards  to  haYe  sunk  under  tins  same 
— the  fourth  class  of  forms  gradually  superseding  the 
third,  even  in  so  important  a  member  as  the  ar<:h.    The 
^reat  defect  of  this  style,  however,  was  always  want  of 
attention  to  this  correct  placing  of  the  different  classes  of 
forms;  and  at  present,  in  the  poor  remains  of  it  practised  ia 
Mahommedan  countries,  the  forms  are  jumbled  together  with 
as  little  regard  to  fitness,  as  in  our  own  sham  architecture. 
If  we  may  judge  from  engravings,  the  arches  are  almost 
exclusively  of  the  relesed  (or  ogee)  form,  while  mere  details 
OE  them  are  often  of  a  more  severe  class  (the  second),  and 
the  minutest  lattice-work  often  of  the  first.    The  confusion, 
however,  cannot  be  worse  than  that  to  wMca  oar  own  build- 
lag  is  reduced,  in  which  the  gravest  forms  are  often  piled  on 
the  top,  if  indeed  there  be  any  top — architecture  having 
driven  from  thence — and  clothing  only  the 
to  a  certain  height,  leaving  al  above  to  the  ventilator 
mad  chimney-doctor. 

It  is  now  necessary  to  say  a  few  words  on  two  qualities  in 
other  arts,  frequently  distinguished  from  the 
at  other  as  particular  divi 

sions  :  are  the  and  the 

The  tire  of  the  ia 

on  no  be  over  by  the  architect,  as  hav 

ing  no  to  Ms  every-d&y  practice;  for  the 

by  lias  in 

are  the  only  by  the  of 

can  be  in  works; 

(Viz.,  is  the  very  a  'building 

Its  is,  If  in 
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little  works,          is  the  attainment  of  true  sublimity  in  great 

ones ;  for  magnitude  and  richness  will,  with  the  many,  always 

to  cover  the  want  of  the  latter;  while  nothing  can,  in 

In  the  of  that  for  which  we  have 

no  bet  which  would,  if  increased  in  scale,  be 

rilled  sublimity. 

We  the  or  of  form 

ia  tlie  Boric  are  better  to  sublime 

Xo  a  particle  of  sublimity, 

at  the  extent,  the  height, 

cif  an  Dork 

This  sublimity  of  and 

rms*}*/s  not  their  belonging  to  a  graver 

class  of  form          the  archT  but  also,  very  often,  their 

expression  of  to  oar  knowledge,  or 

perception,  that  they          require  larger  stones 
in  This  vnlgmr  consideration 

1  am  a  to  do  with  our  appre- 

of  in  we  be  willing 

to  Thus,  the  Doric;  lias  very  little 

of         feature,  yet  it 

as  am  as  three 

its  the  of  all 

for  it  by  —         our  per- 

It  fee  up  of  little  pieces. 

fas  is  tie  cornice,  or  still 

ia  tie  and  you  mast 

the  to  Its 

in  to  tie  ami  So, 

the  of  and  of 

to,  is  in 

tlit 
awl  lias  the 

lias  not  a  up,  and,  as  ii 

na  the 
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or  Its  support  only  increases  the  intense  of  expres 

sion. 
Xext  to  the  prevalence  of  the  graver  classes  of  form,  and 

;lie  subordination  of  the  others  to  them,  nothing  Is  more 
essential  to  nobleness,  than  a  principle  analogous  to  what 
painters  term  breadth,  L  e.,  abundance  of  one  thing  in  one 
jlace.  On  this  subject,  Rustin  has  insisted  with  his  usual 
Htocfuenee,*  and,  with  great  truth,  says,  "  that  the  relative 
majesty  of  buildings  depends  more  on  the  weight  and  vigor 
)f  their  masses  than  o*  any  other  attribute  of  their  design; 

of  everything,  of  bulk,  of  light,  of  darkness,  of  color, 
not  mere  sum  of  any  of  these  but  breadth  of  them;  not 
broken  light  nor  scattered  darkness,  nor  divided  weight,  but 
solid  stone,  broad  sunshine,  starless  shade." 

On  the  whole,  it  would  appear  that  neither  sublimity  nor 
satisfactory  beauty  in  building,  can  be  expected  of  a  lat 
surface  with  holes  in  it,  however  beautiful  their  forms  and 
arrangement.  There  must  be  variety  and  contrast  of  sur- 
fiices,  and  large  ones  too.  There  is  no  such  thing  as  ine 
architecture  of  only  two  dimensions;  it  must  have  length, 
breadth,  aad  depth.  No  building  has  ever  been  admired 

has  not  either  colonnades,  or  arcades,  or  very  promi 
nent  bat  tresses,  or  a  very  prominent  cornice,  or  very  deeply 
recessed  openings.    These  are  the  chief  means  that  have 
employed  to  obviate  flatness  (though  never 
for  in  permanent  buildings.   la  tempora 

ry  have  other  expedients,  as  the  broad 

of  Italy  and  Switzerland,  the  overhanging  stories  of 
our  houses,  and  the  verge-boards,          deve 

loped,  perhaps,  in  northern  France.     When iroa shall  bead- 

a         resource  of  this  kind 

be  in  or  window-canopies,  or  both;  but. 

ts  a  rule,  all  of  to 

a  of  the          kind  at  the 

is  the  ii? 

*  "  of  AreMfeetmre.51*  eibap.  BE.     -  Fewer." 
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all  countries,  and  Is  never,  in  any  degree,  a  merely  ornamcD 
tal  one,  since  its  nse,  to  shelter  the  walls,  will  always  be 
effectually  the  more  It  projects:  not  an  inch  add- 

fil  to  it  can  ever  be 

Another  of  has,  cftea 

in  in  towns,) 

and  in  the  la  a  complicated 

and  up  others.     It- 

has  a  very  of  the  object  wit  fl 

oat  but  this  is  &  fallacy,  as  any 

one  see,  a  few  these 

and  jetties  add  to  the  requisite  to  en 

close  and  a  in  fact,  are  a 

to  beauty,  than  the  largest  features 

to  supposing:  them  for 

tbey  never  ought   to  be.    When 

fashion,  however,  after          style  of  proBii- 

fas  the  Tudor,)  Is  BO  but 

tils  as  the         Tudor  revi 

vers  to 

Of  01  called 

the  given, 

all  in  the          as         of  It 

a  In 

and  of  a  of 

*?,  to  the  to  sublimi 

ty:          tbe  in  the  lion's  eon- 

to  im  the 

mud  of  iw  a 

%  to 

IJT  tbe  of  a  to  er  th« 

.  of  } 

tie  The  la 

r»!  ©a  a  are  are  the 

If  to  a 
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?  the  most  sublime;  so  that  an  artist  might  often  from 
*aps  of  gravel  or  mortar,  compose  scenes  more  awful  than 
*  could  find  in  a  year's  wandering  among  Alps.  Again, 
ie  picturesque  in  painting,  or  what  is  called  "pictorial 
Feet;"  consists  in  applying  to  the  adventitious  circumstances 
"light  and  shade  those  same  principles  and  rules  which  the 
iglier  alms  of  the  art  would  require  to  be  observed  with 
•ffard  to  tMnjrs  and  actions  themselves:  so  that,  for  in- 
ance,  pictorial  effect  requires  one  principal  light,  just  as 
ie  higher  excellence?  would  require  one  principal  action. 
rhatever  would  be  sublime  or  excellent  in  essentials,  the 
ime  is  picturesque  in  non-esfcntiuls*  "  Tliere  are  thus," 
ITS  this  writer,  "'"  both  in  sculpture  and  painting,  two,  in 
«ne  sort,  opposite  schools,  of  which  the  one  follows  for  its 
ibject  the  essential  forms  of  things,  and  the  other  the  aecl- 
ental  lights  and  shades  upon  them.  There  are  Tarious  de- 
of  their  contrariety:  middle  steps  —  as  in  the  works  of 
and  all  degrees  of  nobility  of  degradation  in 
ieir  several  manners;  but  the  one  is  always  recognized  as 
ie  pare,  and  the  other  as  the  picturesque  school.71* 
It  would  thus  that  this  quality  has  more  affinity 

ith  the  sublime  than  with  the  beautiful,  being  probably  in- 
witli  the  latter  in  Its  strict  sense,  while  each  of 
qualities  Is  compatible  wit!  the  sublime,  at 
•ast  with  what  be  sublimity,  which  is 

be  of  which  we  have  hitherto  spoken. 

Consistently  this,  we  expect  the  picturesque 

i  to  lie  where  there  is  most  preva- 

of  the  or 

the          rule  that  be  given  for 

:&  fee  tbe  of  all  the 

as  to  a 

of  previously  as 

o  as  of 

ilte  of  In 


*  fc-  Hw  f€  ArrMteeta»s"*  l 
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We  have  already  observed         Informs,  or  rattier  compo 
sitions  of  form,  of  the  first  two  for  rectilinear^  classes,  a  dis 
tinction  must  be  between  those  which  do,  and  those 
which  do  not,  display  this  principle  of  gradation;  which  can 
occur  in  the  first  class  only  In        way,  by  a  gradated  serii-s 
of  (i'uwnsittns,  while  in  the  second  it  may  lie  displayed  in  two 
way?,  either  by  of  or  (L  e., 
of         or  of            )    The               of                dimension^, 
11  be 
by                    the                of                              f  which 
no                                              of  Pisa,  Cremona,  or 
St.  Bride's,                                   one  of  WrenV  in 
till?                reigns,]  or           the  Chinese  towers,  In 
it                              observed,  and  contributes  not  a 
to                   of                or  solemnity.     In  the  grand 
er  and                                of  vegetables,  too,          the  cotton 
to  the                     this                Is                to  lie 
few            of  the                    less  ctnra- 
ble                                                                   forms.  It  is  ear- 
to                                as  IB  tie               ferns,  &c.     It 
&g  if  this                                         as  a                 for 
of                                   to 
forms. 

Now  plants,  nor  the 

be  In  theinsel? es  as  objects, 

the  class  of  is 

the  of  this  in  in 

of  it  is  only 

to  Is  of  of 

*'  tie  Divisions, 

not  be  aay  law, 

i*^  IB  fig.  1  A,  as  in  c  and  i.    To  a 

of  the  [or  of 

also  the  we 

this  was  to  may 

are  and  that  It  is  rare 
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[even  the  rains  of]  round-arched  building;  more  frequent 

the  pointed;  and  most  of  all  In  those  styles  which  are 
stitute  of  arches.  The  Egyptians  often  clustered  build- 
is  Irregularly  to  salt  peculiar  sites;  and  the  temple  thus 
lilt  011  the  Island  of  Philae  has  been  instanced  as  a  very 
mplete  case  of  pLturesqueness,  and  will  illustrate  the 
les  given  above. 


CHAPTER  IV. 

of  Nature         of  'Models — False  Imitation — Constructive 
Trulh — Constructive  Vnity — Three  Systems  thereof. 

IT  is  the  highest  possible  aim  of  architecture,  as  of  all  the. 
tier         arts,  to  mture.     This  has  been  generally 

•nutted ;  but  the  kind  of  nature  -to  be  imitated,  and  the 
>de   of  imitation,  seem  to  be  very  variously  understood; 

,d  the  notions  of  some  architectural  writers  on  this  point 

e  singularly  different  from  each  other,  and  from  the  plain, 
diaary  of  the  expression. 

The  difference  between  copying  natural  objects  and  imita- 

ig  lies  in  the  introduction,  in  the  latter  case,  of  a 

of  To  draw  the  likeness  of  a  par- 

ever  so  exactly,  thoagh  yon  excelled  the  da- 

lerreotype,  is  not  imitating  nature.     To  discover  and  draw 

'         is  to  a  certain  class  of  men,  omitting  everj 

img         is  to  each,         is  imitating  nature,     ThtJ 

me  run  through  every  imitation  of  her,  as 

from  an  of  a  natural  object;          it 

ist  be  with  this  latter  imitation,  arehi- 

has  to  do.     A  may  to  or 

by  with 

e  for  an  bat  in  architecture,  there  is  n® 

cli  as         copying  of  one  at  a  time:  the  areM- 

2t  [I          the  in  to  copy 

at        — to 
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Here  is  an  ;  We  waat  a  column ,  that  is,  &  long 

body,  intended  for  to  or  from  a  flat 

surface.    It  "evidently  not  whether  the  column,  be 

I  resell  against  the  or  the  it,  nor  In 

it  be  placed.   A          is  a  only 

horizontally  or  inclined.     The  we  want  to  give  is 

thai  of  fitne^  to  this  pressure.  hare 

copied  and  but  neither 

of  are  ;  oa  the  contrary,  they  are 

not  a         or  a 

to  the  of  a  Are  there,  then,  no 

In  ?  there  are.    The  of  al 

are  to  the  definition,  the 

they  press  the  ground.   Hie 

to  support  a  is          a  ; 

a  wall,  it  is  a 

or  strut. 

5cw,  in  eomj  taring  columns^  to  dis 

cover  in  common,  we 

1st.  That  their  has 

we  the 

3d.  We  vary  is  _/b»r  to  lea 

;  la 

for  and  do  not  *ir  the 

tills  is  at 

the  are  to  a  of  six 

diameters. 
3d.  to  or 

a  to  the 

ur  £  c,  to  a  the 

are  we          the 

Il<  /the  c#r  to  a 

to  t*  is  in  a 

to         of  the        of  or 

the  to 

a  let  the  legs  ctf 
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stn  re  should  issue  the  substructure,  and  applj  them- 
seh  o  the  support  of  above  ;  otherwise  they  would 
ajtp  to  belong  to  the  superstructure  and  with  It.  one 
u &*  iisthict  from  that  below,  and  to  be  moved 

like  able-.*  The  position,  therefore,  of  the  column,  Is  not 
thai  the  leg,  but  that  of  the  uplifted  arm. 

4th.  Another  circumstance  common 
to  all  the  models,  is  that  the  draiinu- 
tion  above  noticed,  is  not  regular  ur 
straight   lines,  but    tends,   in    the 
majority  of  cases,  to  convexity,  i.  <?. 
the  diminution,  at  first  slow,  becomes 
more  rapid  towards  the  wrist  or 
ankle ;    and    this    is    according! v 
Imitated,  the  convexity  (or  entasis,* 
being',  however,  much 
less     than     ia     the 
human  example,  be 
cause    in    that    ex 
ample  it  !s  peculiarly 
and  the   object  is  not  to 


any  other 


great; 

imitate   this    or 

il?  not  any  particular  limb,  but 
the  geaeral  of  limbs — their 

central  form,  avoiding  all  peculiari 
ties.      If   their    outline    were,   in 
universal  nature^  as  frecj neatly  coa- 
convex,  the  would  be  to  it 

;  bat  this  is  not  the  case, — convexity 
eavity,  coavexity  over 

A  is 

*  An  *ct  architect        attempted  to  explain  tlais,  by                 as  a  rale 

inset:*8  i  iliauioifb  as  tfcsy                       ft*  ^yc,  as  »  eclamn  apwmrte,  ®r  the  teg 

•f  *  tal  WEST,  nr  J»i.  He  do*-*  ntt  give  any             15?  foamJatioc  is  oataw  f«r  f  fci* 

TOfe  :  ii  would  "ft  vc-ry  J^firabie  to  lia  so.  as  it  woaH  OTfrtara             long;* 

*«,t»liSi  '.'F^jc'liee*  in  areliiteetare.        leai  to           earioms  aoTeltSes,          a* 

Jea  'si  I!mim.ilioB  of  ia-la-te-n,                   kc» 
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5tk  We  observe  It  to  lie  a  part  of  the  nature  of  limbs, 
that,  after  passing  the  smallest  part,  there  is  a  rapid  swelling 
t3  form  the  extremity  (Laud  or  paw,,  which  Is  what,  in  the 
t'olnum,  we  call  its  ctiyital.  This  protuberance  is,  in  nature, 
Commonly  eccentric  with  regard  to  the  axis  of  the  limb,  pro- 
J«:tlng  most  on  the  side  towards  which  the  animal  looks, 
ami  least  for  often  not  at  allj  OH  the  opposite  side.  Bet 
this  eccentricity  is  in  the  most  powerful  animals,  and  is 
properly  in  the  column  for  two  reasons  ;  either  as 

aa  of  that  which  distinguishes  the  most  power- 

fill  L  e.  displaying  a  quality  intended  here 

to  !>i4  ;  or  else  it  is  omitted  as  haying  an  obvious 

10  a  property  TW£  intended  to  be  expressed?  viz., 
:  for  the  foot  always  projects  most  on  the  side 
towards  it  is  to  move  ;  and  as  the  capital  is  not  to 

move,  there  is  no  natural  example  for  its  projecting  oa  one 

another. 

6th.  With  to  the  of  the  extremity,  we  find 

it  to  lie  at  for  a  very  short  distance,  then  be- 

very  convex,  and  as  it  spreads,  the  convex 

ity  till,  at  the  protuberance  from 

the  axis,  it  returns  inward  to  a 

are  the  to  the  outline 

of  extremity,  against  a  lat  snr- 

are  the  profile  of  the 

ID  of  generalized  imita 

tion,  tie  form  on  which  no  seb- 

to  any  improvement  in 

of  to  its  purpose;  that  form 

irst          MI  into  the  everything 

tlse         we  the         purpose, 

It  too  for  a  invention,         we  attribute 

it  to  to  the  inventors,  lost, 

Just  ms  the  to  the  work  of 

of  ait  any  exactly 

mni  HO  form,  yri 
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express  ks  destination  as  perfectly  as  the  most  finished  statue, 
and  appear  as  incomplete  without  its  entabulatnre,  as  Atlas 

without  Ms  globe  ; — that  this  effect  should  be  produced  alike 
and  instantly  on  every  spectator,  may  well  appear,  to  the  un 
taught,  a  sort  of  magic.  Bat  such  effects  are  never  the  result, 
as  commonly  supposed,  of  a  happy  idea,  an  instant  stroke  of 
genius  :  they  thus  touch  in  an  instant,  because  they  contain 
tlir  work  of  years;  they  spring  from,  and  are  proportional 
to,  the  amount  of  thought  which  the  object  embodies,  and  this 
is  indejtendent  altogether  of  the  amount  of  manual  labor  be 
stowed.  A  work  of  elaborate  scnlptnre,  and  one  of  mere 
Liiisonry,  may  be  exactly  equal  in  this  respect  ;  and  when 
either  of  them  strikes  us  with  this  instant  conviction  of  ex 
cellence,  it  is  because  they  contain,  as  it  were,  concentrated 
in  them,  the  thought  perhaps  of  a  life,  perhaps  of  many  Iivess 
the  observation  and  analysis  and  intense  patient  study  of 
directed  all  in  one  direction,  and  with  a  common  ob 
ject, — the  extraction  and  purification  of  some  general  idea 
in  nature,  as  a  metal  is  extracted  by  the  chemist. 

In  the  study  of  natare  f without  which  the  architect  as  well 
as  every  other  artist  can  do  nothing — absolutely  nothingj  he 
study  the  commentaries  on  her,  i.  e.,  all  previous 
of  Ms  art.     All  these  are  so  many  annotations 
on  Nature's  great  and  most  difficult  book  ;  and  he  who  at 
tempts  to  read  her  without  their  assistance,  simply  sets  up 
his  own  wisdom  that  of  all  mankind  ;  and  however 

satisfactory  his  discoveries  may  be  to  himself,  he  may  be  as- 
they  are  as  old  as  Adam  ;  and  that,  should  he 
at  the  gemas  and  the  longest  life  ever 

he  will  stil  have  advanced  no  further  than  the  first 
of  the  art,  which,  pursued  on  this  principle,  would 
all  pursuits  j  be  never  beyond  its  begin 

ning. 

It  is  for  tie  to  produce  anything  trw 

by  the  study  of  nature,  ani  it  Is  impossible  to  produce 

new        by  a  of  what  has  been  done  al- 
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reaily  \v  In?  predecessors  The  most  origins i  arti>.ts  of every 
kind  are  always  the  most  extensive  imitators. 

In  architecture  the  number  of  sucli  Is  indeed  infinite:  and 
while  one  appears  to  have  BO  building  besides  the  Tem 
ple  of  Ilyssus;  another,  nothing  but  the  Erechtheum,  or 
Salisbury  Cathedral,  or  Heary  the  Seventh's  Chapel,  or  the 
Alhamhra;  all  unite  in  condemning  that  architect  in  the 
last  century  who  drew  DO  source  bat  Diocletian's  pa- 

lart;,  without  jierceivmg  that  they  are  committing  the  ven 
suijiw  capital  error;  for  the  fundamental  fault  was  not  the 
a  carrupf  iource,  but  the  drawing  from  fsalyvm 

The  reader          not  I  am  advising  any  thing  so 

utterly  wrong  ami  contemptible  as  the  mist* re  ftf  ihtpeculi- 
vrtilif  of  different  styles.  Oa  the  contrary,  I  am  insisting- 
on  the  Imitation  of  what  is  common  to  them,  rather  than 
that  of  wliat  distinguishes  each.  If  yoa  say  ^  there  Is  noth- 
inir  to  but  aid  a  roof/'  you  betray  that 

Yyti  have  not  commenced  the  real  of  the  art,  which, 

like          of  or  of  be  on  only  by 

generalization. 

A 3»  in  all  so  In  the  aid  cor- 

of  of  Nature  directly,  or  of  Na 

ture  the  of  her  interpreters, — previous 

artists, —  on  the  of  generalization 

it;  aEd  imitates  without 

—  only         model,  though 

tvt-a  a  and          so  excellent,  is  not  art  at  all 

Connected          the  error  art  consists  Is  the 

of  is  nature,  i.  e.,  of  partien- 

lar  or  is         the          destructive 

its  is  to  u  eye,r  wliicli  is,  la  fact, 

i  he  barest  pur]  **>e  to  any  art,  er  rutuer  any  s&Iil  ant! 

orlgaiaily  for  the  of  art,  can  )>e 

:  for  it          )w&  no  dexteri- 

fj         ije  art;  it  is          the  for  its 
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use,  or  the  language  in  which  It  speaks.     Xow,  when  this  U 

used  in  order  to  deceive  in  any  way,  it  is  as  if  a  man,  who 
had  learned  writing  in  order  to  write  sermons,  should  employ 
his  skill  in  conimiting  forgery. 

i4  For  want  of  this  distinction."  says  Sir  Joshna,  (z.  c., 
the  distinction  between  the  art  and  the  mechanical  skill, ) 
"  the  world  is  filled  with  false  criticism.  Raffaelleis  praised 
for  naturalness  and  deception,  which  he  certainly  lias  not  ae- 
romplished,  and  as  certainly  never  intended."  It  is  the  same 
HTur  which  leads  the  vulgar  to  think  it  a  beauty  when  the 
figures  of  a  picture  stand  out  "  as  if  yon  could  walk  round 
Theni."  or  when  painted  decorations,  or  papering,  or  carpets, 
are  shaded  to  appear  [in  a  particular  light]  as  if  carved  ;  or 
when  a  building,  or  a  front  of  a  building,  or  any  of  the 
smallest  part  or  member  thereof,  appears  like  any  thing 
which  it  Is  not ; — a  new  building  like  an  old  one  built  in  a 
different  age;  several  little  houses  like  one  palace;  or  one 
pr«>i*erty  like  several;  an  essential  part  like  an  ornament,  or 
an  ornament  like  an  essential  part ;  a  buttress  like  a  column* 
aa  like  a  pediment,  an  arch  like  a  lintel; — to  say  noth 
ing  of  sticii  gross  frauds  as  making  stucco  look  like  stone,  or 
paint  like  wood. 

Hie  object  of  all  real  art,  as  of  all  science,  is  to  elicit 
TBCTH  ;  but  any  one  who,  fresh  from  nature,  or  from  the 
works  of  other  ages  or  nations,  should  arrive  among  the 
of  modern  English  architecture,  would  suppose  its 
aim,  and  that  of  every  detail  in  it,  to  be  DECEPTION. 
enters  a  building,  perhaps  a  place  of  worship  that  is 
for  and  the  eye  seeks  in  vain 

for  a  on  which  it  can  rest  as  something  real, — 

for  a  that  is  what  it  appears  to  be.    The  plas 

ter  'd  pretend  to  be  built  of  hu^e  granite  or  marble 

;  the  conceals  the  roof,  to  be  com- 

of  or  coffer-work,  on  a  colossal 

any  ever  of,    A  stove  re- 

an  or,  the  mode!  of  a  build- 
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in  IT  ;  anil  the  deal  fitting,  not  content  with  one  deception, 
uiiL-t  witli  singular  ingenuity  contrive  to  perpetrate  two  at 
e, — to  appear  in  wlbf<iiice  like  oak,  and  in  form  like  the 
k?  wall-  and  an  he  of  a  Greek  temple.  Such  is  an  wn- 
pretenthtig  building.  The  evil  so  infests  ever/thing  that  meets 
11-  on  whatever  side  we  tarn,  that  it  is  hardly  possible  to  real 
ize  the  fact,  till  we  turn  to  the  works  of  other  ages  or  distant 
nation-,  that  all  this  is  unnecessary,  that  there  may  be,  and 
over  mo<t  of  the  world  w,  and  every  where  has  le&n,  architec 
ture  WITHOUT  DECEPTION,- — not  without  this  or  that  kind  of  it, 
but  ub-ulutely  without  ANY  Such  is  the  atmosphere  of  it  in 
which  we  are  plunged,  that  we  can  hardly  fancy  such  a  thing 
u<  it-  absence  ;  anil  \\e  actually,  on  mentioning  it,  are  met 
f»y  such  (jnt5tkms  from  intelligent  and  otherwise  well-info na- 
tMt  peivjus  a>  4*  What  is  the  use  of  paint,  if  not  to  imitate 
other  things  T  Grown-up  men  actually  require  to  be  told 
that  paint  is  a  durable  and  smooth  coating  for  perishable  or 
rough  .-arfaees,  either  to  preserve  them,  or  by  its  smoothness 
irpel  dirt?  or  to  replace  their  natural  color  by  one  more 
pleasing  or  fitter  for  their  situation  ;  or  lastly,  to  adorn  their 
surface  by  varied  color  or  beautiful  forms.  These  are  the 
use?  of  paint,  and.  they  give  vast  scopes  for  design  and  taste, 
but  have  no  more  to  do  with  imitation  or  deception  than  the 
-kin  of  an  animal  or  plant  has.  Does  the  skin  or  bark  imi 
tate  flesh  or  wood  ?  What  possible  reason  then  can  there 
!>e  for  stucco  or  paint  to  represent  anything  but  stucco  or 
pa  lot  ?  They  never  represent  anything  else  in  the  works  of 
thp  Greeks,  Romans,  Gothicists,  or  Arabs  ;  and  when  we 
w  ant  more  ornament  than  is  found  in  their  works,  it  will  be 
time  enough  to  look  for  a  method  not  practised  by  them. 

Huskiii,  who,  though  falling  into  my  dangerous  fallacies, 
has  truly  treated  on  this  subject,  says — "  It  is  very  necessary 
In  the  outset  to  mark  clearly  wherein  consists  the  essence  of 
fallacy  as  distinguished  from  supposition  :  for  it  might  be  at 
Irst  thought  that  the  whole  kingdom  of  imagination  was  one 
of  deception  also.  Not  so  :  the  action  of  imagination  is  a 
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voluntary  summoning  of  the  conceptions  of  things  absent  or 
impossible  ;  and  the  pleasure  and  nobility  of  the  Imagination 

partly  consists  in  its  knowledge  and  contemplation  of  them 
as  snch,  z,  e.7  in  the  knowledge  of  their  actual  absence  or  im 
possibility  at  the  moment  of  their  apparent  presence  or  reali 
ty.  When  the  imagination  deceives,  it  becomes  madness. 
It  is  a  noble  faculty  so  long  as  it  confesses  its  own  ideality  ; 
when  it  ceases  to  confess  this,  it  is  insanity.  All  the  differ 
ence  lies  in  the  fact  of  the  confession,  in  there  being  no  de 
ception  It  is  necessary  to  our  rank  as  spiritual  creatures 
that  we  should  be  able  to  invent  and  to  behold  what  is  not ; 
and  to  our  rank  as  moral  creatures,  that  we  should  know  and 
Confess  at  the  same  time  that  it  is  not. 

"  Again,  it  might  be  thought,  and  has  been  thought,  that 
the  whole  art  of  painting  is  nothing  else  than  .an  endeavor  to 
deceive.  Not  so:  it  is,  on  the  contrary,  a  statement  of  cer 
tain  facts  in  the  clearest  possible  way.  I  desire  to  give  an 
account  of  a  mountain  or  of  a  rock :  I  begin  by  telling  its 
shape;  but  words  will  not  do  this  distinctly,  and  I  draw  its 
shape,  and  say,  "  This  was  its  shape."  Xext,  I  would  fain 
represent  its  color:  but  words  will  not  do  this  either,  and  1 
dye  the  paper,  and  say,  "  This  was  its  color."  Such  a  pro- 
may  be  carried  OB  until  the  scene  appears  to  exist,  and 
a  pleasure  may  be  taken  in  its  apparent  existence. 

'This  is  a  communicated  act  of  imagination  but  no  lie:  the 
Me  can  consist  only  in  an  of  its  existence,  [which  m 

never  for  one  Instant  made,  implied^  or  believed,]  or  else  in 
statements  of  forms  or  colors  [which  are  indeed  made 
believed  to  our  great  loss  continually.]     And  observe 
so  detracting  a  thing  is  deception,  In  even  the  ap 
proach  of  it.  that  all  painting  which  even 
the           of  apparent  realization,  is  degraded  in  so 

******** 
"  The  of  truth  which  dishonor  poetry  said  paint 

ing  are  thus,  for  the          part,  confined  to  the  treatment  of 
:  but  in  architecture,  another  and  a  less  subtle, 


168  HISTORY  AND   RUDIMENTS 

more  contemptible  riolation  of  truth,  Is  possible  ;  a  direct 

falsity  of  assertion  respecting  the  nature  of  material,  &c.  ; 
*  *  and  tliis  is,  iii  the  fullest  sense  of  the  word,  wrong  : 
It  is  as  truly  deserving  of  reprobation  as  any  other  moral 
delinquency ;  it  is  unworthy  alike  of  architects  and  of 
nations  ;  and  it  has  been  a  sign,  wherever  it  has  widely  and 
with  toleration  existed,  of  a  singular  debasement  of  the  arts : 
it  is  not  a  sign  of  worse  than  this,  of  a  general  want  of 
severe  probity,  can  be  accounted  fdr  only  by  our  knowledge 
of  the  strange  separation  which  has  for  some  centuries 
existed  between  the  arts  and  all  other  subjects  of  human 
intellect,  as  matters  of  conscience.  This  withdrawal  of 
conscientiousness  from  among  the  faculties  concerned  with 
art,  while  it  has  destroyed  the  arts  themselves,  has  also  rendered 
negatory  the  evidence  which  otherwise  they  might  have 
presented  respecting  the  character  of  the  respective  nations 
among  whom  they  have  been  cultivated  ;  otherwise  it  might 
strange  that  a  nation  so  distinguished  for  its  general 
uprightness  and  faith  as  the  English,  should  admit  in  their 
architecture  more  of  pretence^  concealment^  and  deceit,  than 
any  of  this  or  past  time." — "  Seven  Lamps  of  Arcki- 

II.   "  Truth? 

It  will  be  perhaps  "  Must  we  not  turn  the  best  side, 

T*    Certainly,  this  is  an  important  part  of  the 

of  It  is  a  mark  of  respect  due  to  all  who 

see  your  work,  to  its  best  side  ;  but  it  is  still  more 

to  do  so  honestly, — to  proclaim  at  the  same  time 

"  This  is  my  test  Herein  consists  the  whole  difference 

the  of  materials  with  richer  ones, 

la  ami  of  good  taste,  and  in  those  of 

The  of  a  poor  or  unsightly  material  with  a 

not  to  deception,  or  any  thin^ 

of  the  Fort.     Many  in  Italy  are         to  be 

;          is,  of  marble  are  let  in  and 

by  of  as  the  metopes  of  a 

by  the  or  as  are  confined  in 
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joinery.  Tliere  Is  no  deception,  the  whole  sLows  plainly 
what  it  is, — a  sound  piece  of  construction  held  together  not 
by  cement,  but  by  obrions mechanical  arraiijseiiK'iit  :  and  the 

marble  slab?  pretend  to  be  nothiujj  more  thaii  slabs, — 

beautiful  natural  objects  placed  there  for  ornament  or  clean- 
lines?,  and  not  for  deception. 

When  an  external  film  is  of  a  totally  different  nature  from 
the  sabstance  beneath,  the  form  will  often  inform  n.-  that  this 

external  substance  cannot  be  that  of  which  the  whole  is  com 
posed,  and  thus  there  will  be  no  deception.  This  5*  the  reason 
that  is  no  when  not  applied  to  metals.  "We 

no  more  mistake  a  gilded  stone  or  plaster  ornament  for 
one  of  gold,  than  a  stone-colored  metallic  object  for  one  of 
stone,   because    the  peculiar    mechanical  properties  of  a 
metal  would  prevent  its  ever  being  made  into  the 
form  as  stone  or  plaster  (unless  for  deception).  Metals, 
woods,  and  brittle  materials  are  known  from  each  other, 
independently  of  color,  by  the  three  characters  of  form  to 
which  their  respective  properties  lead.    Hence  gilding  can 
never  deceive  ;  and  upon  these  we  shall 

accordingly  never  find  it  applied  in  times  of  good  taste, — at 
least,  never  as  a  total  covering. 

In  colored  on  lat  surfaces,  all  shadowing  (i.  e., 

representation  of  the  effect  of  solidity  and  relief/  is  a  direct 
whether  it  deceive  or  not.   But  observe  the  differ 
ence  and  A  picture  (whether 
or                 background;  is  one  an  independent 
wliole,                         all  surrounding  things,  and  therefore 
to  be                   from            by  a  frame  or  border 
{ either               or  in  relief y;  but  whatever  li^s  rw  frame  is  no 

;  it  is  and  comes  a 

«f  not  a  but  a  jj/irf.    Xow, 

is  of  two  either  of  forms  in  re 

lief,  0r  of  on  the  lat  ;  but  the  is  up,  and 

its  if  It  to  ape  the  former ; 

we          no  two  of  bat  only  one, 

15 
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viz.  earring- and  sham-carving-.     Bat  yon  say,  the  flowers  are 

ngrly  without  shading,  and  that  if  they  are  imitated  at  all, 

why  may  not  their  shades  be  imitated  ?    Here  we  come  to 

the  root  of  the  whole  fallacy.      You   Mre  no  business  with 

Jfogrers,  In  the  vulgar  acceptation  of  imitated,  I.  e., 

ones.    Their  place  Is  ia  picture,  not  decoration.    No 

natural  flower  is  fit  or  beautiful  in  decoration  ;  if  it  were,  it 

would  lot  be  It  or  beautiful  in  nature.    t  The  notion,  at 

present  very  common,  that  natural  (i.  e.t  particular )  flowers 

toe  Imitated  in  decoration,  Is  most  false  and  unnatural. 

No  one  thing  in  nature  Is  natural  enough  for  decorative  use. 

lliis  art,  lite  architecture,  must  generalize, — must  copy  not 

a  form,  but  a  natural  Idea.     Its  flowers  are  as  false. 

from  single  natural  models,  as  columns  would  be 

If  copied  from  a  single  natural  limb.     In  the  whole  of  the 

works  of  those  who  used  the         ornament,  and  Hby  universal 

consent;  the  fast,  viz.,  the  Greeks,  Romans,  Gothicists,  and 

Arabs,  we  may  challenge  the  production  of  one  example 

f except  in  of  acknowledged  debasement)  of  what  are 

flowers,         iSj  flowers. 

If  you  say  produce  lioldness  and  rif  properly 

of  effect,  so  do  of  dark  colors,  with 

out  ;  for  proof  of  which  7  you  are  re- 

to  ALL  the  of  the  above  schools,  without  ex- 

Decorative  designers  to  produce  few  forn*s 

not  sources  :  It  Is  to  be  wished 

copy          of  their 

stir  lias          made,  of  late,  about  our  Inferiority,  in 

all  of  to  nations,  who,  however,  are 

to  oar  level ;  but         stir  is  utterly  vain 

m  art  Until  we  can 

be  is  which  is  Dot  TRUE,  we 

find          a  the  of  all  the  nation'* 

to          and  of  all  her  to  win. 

the  of  mast  te 

to         of  tie  as  IB  arcHtectire  of 
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the  purest  kind  :  in  which  the  smallest  coreriflgs  or  heads  to 
openings,  though  not  constructed  on  the  arch  principle,  are 

nevertheless  made  to  resemble  arches,  in  order  to  carry  out 

the  chief  truth  of  that  style,  which  is  arcn-atmn^  or  the 

exclusive  use  of  this  mode  of  covering  openings  and  spaces. 
CONSTRUCTIVE  TRUTH  and  CONSTRUCTIVE  UNITY  are  the  two 
most  important  principles  to  be  borne  in  mind,  in  tracing  the 
history  of  architecture,  and  are  indispensable  in  any  attempt 
to  rivalj  or  even  understand,  the  productions  of  the  two 
standard  or  perfected  systems  which  the  world  has  hitherto 
seen. — tiie  Greek,  and  that  commonly  called  the  Gothic. 
CONSTRUCTIVE  TRUTH  requires  that  a  building  shall  never 
to  be  constructed  on  different  statical  principles  from 
those  really  employed  in  Its  construction.  The  whde  of  modern 
Gfrfhic  architecture  is  a  const  furtive  false/toad,  because  it  will 
presently  be  shown  that  all  the  peculiarities  of  this  style 
jrrew  from  the  practice  of  constructing,  withiu  buildings;  a 
vaulted  ceiling  of  stone,  and  were  solely  adapted  to  a  build 
ing  with  a  celling.  Consequently,  when  applied  to  a 
building  not  so  ceiled,  the  style  must  either  be  made  useless 
aid  by  copying  only  its  forms  without  a  motive; 

or  else,  if  correctly  copied  (i.  e.,  preserving  the  apparent 
either  externally  or  internally,  or  both  j,  it  must  then 
(either  externally  or  internally,  or  both)  to  have 
m  celling,  which  It  lias  not  ;  and,  in  either  ease,  the 

be  a  He  from  the  foundation  to  the  inials. 
CONSTBUCTIVE  UNITY  is  a  principle  no  less  important  than 
any  amty,  an  especial  analogy  to  unity  of 

stye,  ia         the  in  construction  as  the  lat 

ter  in  I  that  no  one  disputes  the  nieces- 

mij  of  an  style  of  throughout  the  same 

Xow,  is  a  tiling  than 

lias  relation  to  the  excellences 

""  of  the  art.  beauty  is  not  beauty  of 

form,  if  it  were  so,  a  form  would 

be  wherever  exhibited,  in  a  pepper-box  or  a  tower, 
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a  lisilusteror  a  column.  In  all  tlie  more  important  features 
[Indeed  all  but  the  merest  ornament?,]  the  beauty  of  abstract 
is  to  be  sacrificed  to  that  of  statical  fitness;  but  in  or 
der  that  this  may  be  seen  or  appreciated,  it  is  necessary  that 
thf  various  pressures  be  perceived,  or  a  part  of  them,  to 
which  part  the  members  may  be  seen  to  be  itted.  Conse 
quently,  If  it  be  necessary  that  the  treatment  of  geometrical 
forms  lie  consistent  throughout,  it  is  far  more  necessary  that 
the  treatment  of  these  pressure,  or  of  the  displayed  portions 
of  them,  be  consistent  throughout. 

Now,  are  three  distinct  modes  of  treating  the  pres 

sures  of  a  building  ;  or,  in  other  words,  three  styles  of  ct/n- 
sfnicfmi.     They  are  all  mixed  indiscriminately  in  every  mod 
ern  building;  but  it  is  the  peculiar  merit  of  the  two  hitherto 
perfected  architectural  systems,  the  Greek  and  the  Gothic, 
In  the  pure  examples  of  each,  only  one  of  these  modes 
of  construction  was  seen.     This  is  what  distinguishes  those 
styles          all  others,  and  the  pore  period  of  each  from 
and  following  periods, — construct  ire  unify. 
I  rather  call  it  unity  of  stfitiwl  design  ;  for 

the  has  never,  except  in  Esrypt,  been  al>- 

thronghont  :  but  a  portion  of  the  construction 
Is  in  every  structure,  as  it  Is 

in  every  one. 

The  of  were  well  pointed  out 

in  the  0!  the  late  A.  Bartholomew.*    Tliey 

on  the  three  of  apply*  ij?  force  to  solids,  by 

by  These  are,  of  course, 

to-  the  has  looked         the  rudiments  of 

to  be  m  several  of  the  volumes 

of         series. 

aai  of  employ 

ed  by  all  1  IB  the  only  one  which 

materials  to  cross-stmin^  the  wr.steful  of 

Tlie  however,          per- 

*  u  &r  Ardiitfetuzv,"  fee. 
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be  described  ia  the  most  general  terms  as  tliat  of  rerh- 
ca I  pressure j  because  all  the  pressures  throughout  the  build 
ing  are  wholly  In  their  natural  direction,  vertically  down 
wards;  and  for  this  purpose  all  the  continuous  joints,  or 
beds,  throughout  the  structure  are  made  horizontal,  and  all 
the  interrupted  joints  vertical  All  openings  are  covered 
without  any  deviation  from  this  rale,  by  laying  a  beam,  lin 
tel,  or  architrave  across  from  pillar  to  pillar,  resting  on  tlie 
fiat  top«  of  both;  and  all  ceilings,  whether  iu  stone  or  wood, 
are  formed  by  an  extension  of  the  same  method:  the  roof 
framing,  being  concealed  both  from  the  exterior  and  interior, 
forms  no  part  of  the  design,  and  by  the  Greeks  it  was  prob 
ably  constructed  oa  the  third  method — that  of  tension. 

During  the  prevalence  of  this  first  constructive  style  in 
ITS  purity,  every  oblique  pressure  was  excliided?  as  contrary  to 
the  principles  of  sound  architecture.  The  introduction  into 
architecture,  however,  by  the  Etruscans  and  Romans,  of  the 
new  constructions  c*alled  the  dt/mi,  arch,  and  rauti,  all  de 
pending  on  oblique  pressure,  gradually  destroyed  the  consis 
tency  of  this  first  architectural  system,  the  forms  of  which, 
to  the  intrinsic  beauty  imparted  to  them  by  the  Greek 
genius,  were  not  readily  abandoned,  but  continued  to  linger 
oa,  though  and  more  debased  in  geometric  beauty  ?  and 

forming  harsher  and  harsher  iacoagraities  with  the  new  con- 
Etractions,  till,  in  the  eleventh  and  twelfth  centuries,  the 
extent  of  church  building,  and  the  desire  to  render 
structures  ire-proof,  led  to  the  extension  of  the  arch 
to  the  covering  of  ALL  openings,  and  the  ceiling  of 
ALL  architecture  tool:  a  new 

torn.     From  the  of  the         till  the  of  ihr 

ifa  of  centuries,)  every  change  had 

for  fee  worse;  the  whole  history  of  the  art  was 

the  progressive  loss  of  constructive  consistency 
The  was  (at  la  north-western  Europe, ) 

all  and  return  to 

unity. 
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The  forms  derived  from  Greece,  but  by  this  time  so  de 
crepit  as  to  retain  little  vestige  of  their  original  beauty,  were 
now  gradaally  abandoned,  aad  eTerytMng  old  (except  first 
principles)  sacriiced  to  the  new  idea;  and  so  rapid  was  the 
progress,  that  by  the  year  1250  in  Germany,  and  by  1300 
IB  England,  the  unity  of  the  new  system  was  established  : 

let  us  see  in  what  consisted  this  unity. 
The  system  of  statical  design  consisted  in  the  com- 

of  cros&*traiiL,  and  in  the  subjecting  of  the 
the  whole  of  the  visible  construction  to 
of  alone.    It  may  therefore  perhaps  be  best 

the  In  order  to  effect  this,  the 

no  longer  be  every  where  Yertieal ;  and  as  it  is 
a  point  in  construction  that  the  continuous 

Joints,  or  be  as  nearly  as  possible  perpendicular 

to  the  on  them,  these  Joints  are  BO  longer 

horkontalj  but  inclined  in  various  directions,  and 
so  to  a  extent  the  Gothicists 

be  much  room  for  the  im 
provement  01  fey  the  introduction  both  of  mod- 
era             and  of  a  of  Greek  (of  which 
it                                                     in  its  best  productions.}* , 
as  the              aim                       out  in  con- 
in                    it        completely  ac 
complished  in                          i,  e.,                    the  con- 
ao              of                             as  far  as 
the  eye                     to  any                                      compresr 

this  is  the         [and  mot  a 

be  G-otMe;  in  its 

is  point. 

of  Is  to  the  cor- 

and  of  the  five  of 

in  a  in 

A  be  in  its 

*  d»  B9t  a*  wUeb  hai  ben 

«  of  taw  of  ft*  us w 
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while  it  Is  extremely  fanlty  in  the  geometrical,  as  was  the 
ease  with  nearly  all  the  buildings  of  Ejrypt. 

The  Gothicists,  like  the  Greeks,  employed  a  tensile  eon- 
stractioii  in  the  roof  framing,  that  being  in  both  systems  in 
visible  either  from  the  exterior  or  interior.  Xor  was  this 
concealment  any  defect;  for3  as  Rnskia  has  observed,  "the 
architect  is  not  Itund  to  exhibit  construction  :?>  still  less  can 
he  be  bound  to  exhibit  the  whole  of  it,  to  do  what  natnre  has 
never  done.  He  may  conceal  as  much  as  he  Ekes,  but  may 
not  any.  None  need  appear,  but  that  which  dm 

must  be  trite. 

After  its  culmination,  the  Gothic  system  gradually  de 
clined,  from  the  progress  of  a  variety  of  falsehoods,  of  which 
some  were  general  to  the  whole  of  the  countries  in  which  it 
flourished;  others  confined  to  Prance  or  Germany,  or  Eng- 
or  the  Netherlands.  It  is  not  the  place  to  enumerate 
them  here,  but  to  observe  that  one  of  the  chief  causes,  espe 
cially  in  England,  was  the  snperseding  of  stone  by  timber  in 
parts,  particularly  ceiliogs,  and  the  consequent  exten 
sion  of  the  style  of  construction  best  adapted  to  this  mate 
rial,  which  is  the  third  style  already  twice  alluded  to,  viz., 
the 

In  the  compressile  system,  all  apertures  and  spaces  were 
covered  01  the  arch  principle,  and  the  oblique  pressures  thus 

were  transmitted  down  to  the  ground  by 

of  or  But  this  is  not  the 

of  treating  the         pressures  when 

we  of  great  length  aid  strong  in  as 

and  iroa.    The  more  obvious  and  less  wasteful  mode 

is          the  of  the  arch  together  -by  a  bar  of  one  of 

^interacting  the  horizontal  portion 

of  the  and  only  their  ? erfical  por- 

lioa  to          on  fee  two  supports,  as  the  or 

of  the  did,  all  from 

of  tie  arch,  an  arrangemeni 

or  or  be  and  thw 
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the  various  kinds  of  truss,  whose  perfection  consists  in 
having  110  part  subjected  to  cross-strain,  bat  every  part  either 
to  direct  compression  or  direct  tension. 

This  third  constructive  system  combines,  in  a  certain  de 
gree,  the  advantages,  and.  avoids  the  defects,  of  both  the 
others:  for  all  ItBtidim  pressures  are  vertical,  as  in  the  first 
style;  yet  It  avoids  all  cross-strain,  like  the  sea/fid.  It 
saves  all  the  waste  of  [not  conducive  to  strength] 

in  the  llni^i  of  the  style^  and?  also,  all  the  material 

of  the  in  the  latter. 

Bst,  though  there  are  styles  of  eoBstrnetion,  there 

have  only  two  systems  of  architecture, — only  two  styles 
possessing  n/tuitructice  unity — the  Greek  and  the  Gothic.  The 
third  constructive  principle  has  yet  to  be  elaborated  Into  a 
system.  The  two  systems  are  past  and  dead  5  we  may 
tlie  fading  vestiges  of  their  loveliness,  but  can  ne&r  revive 
The  is  the  destined  architecture  of  the  future. 
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if  the  to  or 
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every  pressure  to  the  bed  [or  horizontal  joint]  receiving  it, — 

an  excellence  that  can  »ever  be  attained  In  the  in 

clined  beds  of  arched  buildings,  however  exact  maj  be  the 

calculations  of  the  engineer;  and,  indeed,  is  never  attempt 
ed.    Lastly,  the  ambitious  nations  who  best  practised  this 
of  building,  gave  it  a  great  excess  of  solidity,  calcula 
ted  to  withstand  even  earthquakes,  and  not  without  success. 
The  unrivalled  grandeur  and  majesty  attainable  by  the 
style  of  construction,  when  properly  treated,  arose 
partly  from  this  same  excess  of  solidity;  partly  from  the 
!«ld  projections  rendered  possible  by  the  largeness  of  the 
partly  from  the  sublime  repose  of  a  strnctEie  whose 
are  all  vertical,  BO  side-thmstiag,  no  action;  but 
from  the  of  the  openings  or  principal 

divisions,  rendering  possible  the  most  perfect  subordination 
of  the  otter  classes  of  form,  or  the  omission  for  reduction  to 
any  extent)  of  the  lighter  classes,  and  the  use  of  the  grave 

in  minor  details. 

IE  the  of  this  system  by  the  Egyptalns,  there  was 

constructive  nnity^  not  only  in  the  risible,  bat  in  the 

all  of  which  indeed  was  seen,  for  (the 

reodering  peat-roofs  unnecessary )  the 

was  a  lat  eeilag.     Bat  this  absence  of 

no  merit  (being,  in  fact,  unnaturaly, 

the  Egyptian  works  had  were 

by  two  grievous  faults, —  to  the  sub- 

of  the.  fim  of  complexity^  or 

of  in  #&  even  of  temples, 

the  of  all  the          of         unity. 

The  of  then,  in  the  Greek  structures. 

was  new  or  to  Their  COB- 

in  tie  to  this  of  the  two  above 

of          we  first,  the  of 

The  led  to  the  use  of  the  gravest 

in  aO  the  gene* 
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ral  plan  to  be  rectangular,  it  might  at  first  be  thought  that 
a  would  embody  the  most  perfect  Idea  of  unity ;  and 

there  are  not  wanting  examples  of  this  plan  in  the  nave  of 
temples  without  peristyles,  as  in  the  great  temple  of  Ceres, 
at  Eleusis,  and  the  very  small  Ionic  one  existing  in  Stuart's 
time,  on  the  Ilyssns,  the  cell  of  which  was  a  perfect  cube.* 
Bat  beautiful  and  sublime  change  was  made?  of 

the  entirely  round,  making  all  the  sides 

in  all  equally  ornate,  all  eqnally  impossible 

to  flat  even  at  the  'distance  of  miles, — 

of  general  plan  was  invariably  given  up 
for  an  at          twice  as         as  its  breadth,  generally 

What  was  the  reason  for  this  ?    A  square 
wwiM  have  led  to  a  doubt,  on  approach 
ing  it,  of  the         visible  sides  was  the  entrance  front. 
Unless  were  the  fourfold  symmetry  would  bt 
but  if  both  were  alike,  both  must  be  entrances,  01 
to  fee  so  (as  in  the  work  of  Palladia,  above 
"Now  the  of  only  one  entrance,  and 
the                                                evidently  a         important 
la  of  unity  at  which  the 
and             of  all  the  in  the  world, 

were  two  entrances, 

at  one  in  any  view 

of  the  this          not  ;  the 

BO  in  the  sldes 

It         a  be  a  in 

its  in  «W  of          ;  the 

an  in  the  aid  there- 

as  of  !Now?  if  had 

in  front,  in 

far  tie  If  mot 

•B  to  be  ;  ami  if  the 

*i  BKBvr.jad 
14  tanpfe  BO  ente  *eein  tat  ibftt  of  tt0  "BOM 
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closer  placing  of  the  columns  on  one  side  than  the  other, 
would  have  destroyed  all  the  perfection  and  symmetry  of 
that  form  ;  and,  in  either  case,  the  idea  conveyed  would  1>e 
of  a  bianderiEg1  attempt  at  squareness.  Abandoning 
this  form,  therefore,  the  architects  adopted  as  their  fnnda- 
mental  form  the  next  most  perfect  'or  regnlar)  rectangle, 
viz.,  a  square. 

That  every  temple  (except  that  piece  of  barbaric  pomp  at 
Palmyra j  should  present  its  narr&wtr  face  as  the  front,  is 
referred  by  Papworth*  to  the  avoiding  all  approach  to         , 
or  displaying  itself  to  the  best  advantage, — a  yery  noble 
and  one  which  doubtless  operated  both  with  the  Greeks 
their  nearest  followers,,  the  G-othielsts.    But  it  may  bfc 
that  there  is  a  less  refined  reason,  which  has  led 
all  nations  (probably,  without  exception,)  to  make  the  axis 
of  symmetry  in  their  temples  longitudinal,        in  their  palaces 
the  temple  being  always  entered  from  its  end,  and 
tiie  from  its  side.     The  latter  being  divided  into  many 

requires  the  entrance  in  that  place  which  will 
commaiiieate  with  them  all,  i.  e.  as  near  the 
as  possible;  bat  the  temple  being  a  single  room  will 
the         effect  when  the  eye  oa  entering  can  embrace 
the  of  It  at  once,  for  it  is  impossible  ever  to 

see  the  interior  even  from  a  corner,  because  the  eye 

recei¥e  over  a  circle  of  the  retina 

45°,  or  at  the  utmost  f>0°?  in  diameter.     Now  by 
two  at  this  angle,  a  folding  role,   for 

laying  it  oa  the  plan  of  any  room,  you  will 
fey  it  position  in  which  they  include 

die  of  the  and  it  will  fee  that 

lie          an  from  the  the  more 

of  it  eaa  see  at  once;  and          when  the  room  is 

m  or  longer,  the  best  position  for  the  erf 

is  the  of  aa  the  is  the  centre  of 

*  la  it*  en  Grecian  ArehfiwehoA,  preixed  to  MB  edition  of  Sfr 

If .  to  I  our*  uKSiwee  in  4Ma  -r.q-.iirv 
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a          ''in  which  the  great  temple  at  Palmyra  is  en 

tered.y    The  general  use  of  the  former  place,  therefore,  in 
(as  well  as  Gothic j  temples,  is  a  sacrifice  of  external 
to  internal  effect. 

It  lie  remarked,  that  the  nave  of  the  Greek 

not          gloomy,  cell  that  imagine; 

it  to  the  priests^  but  open  to  all.    To 

is  due  the  of  first  elucidating  tow  it 

ant!  His  theory          internal  efidence  of  its 

the  of  ever  employed, 

TIZL,  by          we  call  in  England  a  clerestory,  bit  c?if 

There  is  an  of  it  at  St.  Geue- 

Yieve,  Paris.    The  Greek  clerestory  did  not  rise  above,  or 

"in  any  way  break,  the  simple  out-planes  of  the  roof,  while  it 

the lr  too  monot OBOES  surface.    The  action 

ino>t  were  courts,  or  (to  use  this 

a  "a  temple,w  "a  colonnade  and 

is  notice. 

ai!  the  for  utility,  it  would 

lint  for  the  one  crowning,  ail-includ 
ing  — the  Its  one  aid  &ie 

one  at  once.)     OB  this  point, 

— "Towards  this  unity  of 

aiii  the  of  the          is 

in  the  it  in  0ne 

the  eelt  tlie  aii  tie 

1«  as  and  to  the 

«HT  b«£e  tie 

"  To  tbis          of  one  was 

stay         of  the  so 

was  this  to,         oa  the  of  the 

the  ipa  ,is  la  so         a 

f/L**el  In  tie  of  its  mot  an 

the  was 

fey  a  la  the  fey  tic 

of  tie 
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The  above  alluded  to  was  always  (in  the  pure  Greek 
or  Boric  style  j  equal  in  height  to  about  a  diameter  of  the 
columns,  and  the  architrave  was  the  same  :  otherwise  these 
two  principal  parts  would  have  seemed  inadequate  to  bear 
the  pressure  of  those  columns,  concentrated  OB  distinct 
of  their  length.  The  base  was,  moreover,  for  con 
venience  subdivided  into  three,  equal  steps  and  no  more  ;  for, 
had  the  steps  been  much  lower  than  a  third  of  a  diameter  ? 
they  would  have  seemed  thin,  paper-like  layers,  quite  out  of 
below  those  weighty  masses.  Xeither  could  a  Grecian 
eye  have  tolerated  the  breaking  of  these  continuous  lines  by 
the  introduction  of  smaller  steps  or  mounting-blocks  opposite 
the  entrance  or  elsewhere.  They  preferred  the  inconvenience 
of  steps,  15,  20 ,  and  even  25  inches  high  ;  and 

we  can  submit  to  this  meonvenieaeej  al  attempt  to 
copy  a  Grecian  portico  will  be  an  absorb  caricature. 

In  all  great  and  complete  buildings,  of  whatever  style,  the 

even  to  a  considerable  height,  consists  wholly  of 

lines,  running  any  interruption,  rise  or  fall, 

the  entire  structure.     Salisbury  and  Milan  cathedrals 

are  the  examples^  but  it  is  seen  in  all  smaller  Gothic 

if  pure,  and  completed  OB  one  design.  The  peculiarity, 

of  the  Greek  basement  was  not  the  unbroken 

of  its  lines,  but  their  unbroken         — straight 

to  corner. 

la  the  Grecian  up  to  the  roof,  we  find  all  principal 

amd          horkoatalj  and  all  secondary  ones  vertical 

— a  of  constructive  truth  ;  the  vertical-pressure 

all  continuous  Joints  to  be  horizontal, 

mil  vertical. 

truth  the  continuation  of  the  cornice 

the  ( though  mat  to 

off  tie  wet,)  the  two  above 

the  of  oblique  pressure, 

by  this  feature.    By  this 

the  of  the  roof,  not  to< 

U 
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be  displayed^  was  truly  externally.     Moreover,  a 

was  afforded  for  the  glorious  ornaments  in  the  pedi* 
ments,  wMch  ga¥e  Ife  to  the  whole. 

In  descending  from  the  general  design  to  that  of  the  parts, 

we  find  every  where  (in  the  Boric  order)  the  principle  of 

carried  to  the  almost  extreme  ;  the  opposite  one  of 

being  as  nearly  as  possible  excluded.     I  am  con- 

if  we  really  understood  this  principle  of  contrast, 

to  embody  it  without  comproinise?  in 

a  vertical-pressure  building,  we  should  be  led  to  the  complete 

Boric  though  we  had  never  seen  it. 

To  the  most  Indispensable  feature  of  Greek 

the  (for  coliimas  and  arcMtraves  were  not 

of  ns€j)  we          observe  that  in  al  countries  where 

It          at  aU  (even  IE  Egypt)  this  feature  springs  oat  of  an 
constructive  necessity  :  for  It  Is  impossible  com 
pletely  and  durably  to  exclude  wet  at  the  Junction  of  the 
and  bat  by  making  the  BGOP  plane  advance  be- 

cover         junction.    (Pig.  A.)    It  is  obvious  to  & 
the  object  at  once.    But  as  in 
it  is  women  should  not  walky  and  in 

be  black,  so  It  is  necessary  in 
arrangement  of  roof  and  wall 
be  the  roof  should  be  rather  less 

to  bnHding,          the  WAIX  to  con- 

the  Of  course,         requires  a  great  waste  of 

in  or  rather  patching,  to          out 

the  wet  to  *  bat  on  are 

to  ;          of  the  las  to  be 

and  by  He  upon  lie.  (Fig.  B,"S 


4  m 

of  to  we  are         led  wffi 

fey  tie  - 
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Jm^etim  ef  the  roof  and  weM  in  an 

p,  Tte  wall-plate.     T.    The  tic  beam. 

S,  A  prises  pal  rafter. 

r  One  ef  the  min-v  rafters  not  tsi-a 
by  tbe  feet  bat  thrusting  out 
ward*.  and  liaring:  to  be  s  ap^nrted 
by  ibe  jM*le-i»!at«r  and  a  purlin  (not 
seyn*  which,  consent  rating  the 
wb*ik  weight  on,  c>ne  p  int  of  the 
principal  rafter  R.  calls  for  un- 
ne.ie-H-ary  snvn'jrfli  therein.  Above 


the  *Hiit»i  wbieh  four  **i  *  would 

have    *affi<'«"!   If   properly  dwtri- 
bnt<Hl.   sisef  it    support*  all  the 

ether*  Ii<-R3fl€^  tbe  covering. 
Tbe  slate*  or  tiles  iua'!e  so  rfaort  &s 


C, 


building. 

A,  The  architrave,  or  la&t  wall-course 
but  two. 

R,  Tfce  frieze. 

C,   The  cornice  or  ealient  course. 

P,  The  wall-plate.  T,  The  tie-beam, 

R,  A  principal  mfter. 

rr,  Miner  horizontal  rafters  or  purlins, 
numerous  enough  to  distribute 
tbeir  wsfrbt  tiirctugrlioti4' 

the  length  of  t toe  principal  rafter 

R,  an*!  Immediately  receiving  the 

0,  Ihe  tile«,  or  marble  plate*.  IB  either 

case  Hiadc  long  enoagb  to  have 
nearly  as  mnch  inclina'tion  as  the 

rafter  R. 

E,  The    epitithedaa    (oTersettiEg)    or 
'      stGBe  gutter.  the 

building^  and  the  inner  brim  of 
which,    "being    higher    time   tht 
oater,  prevented  tbe 
of  an  overflow  wetting  the  timbers. 

SS^i^SSi^XSi 

wrnrf.  fce-beam. 

Bat  tbe  of  without  apfmrent 

covers,  or  with  covers  just  too  small,  and  <iown 

of  to  the  necessity  of  a  cornice, 

*  The  »                      the  CetMe  sjsteia,  in  i 

^*itb*ra  dNtptSon.  nor  ffidittad  to  fcmltj  ;  tar  the 

thns  w»«  *t  least  fc»  >rf  4Mei. 

thee«tfei«,  of  *hfefe  ««  oa+«r  eamfftltaies  ' 

and  the  Saanr  or  %nite  «  MgM)  iweivw  i__ 

A*              of  an  thu  miaei  «&ew  the  Iwrt  of  fee  gutter  »d  *•  ™» 

perfectly  wet.  Dr. ' 


by   tfeeir   overlapping  to 
macli  1  .  -*s  incline*!  tban  the  peneral 
plume  of  the  ror.t  and  thus  call  for 
ecf  ?sary  beigtt  therein. 
parapet    or    roof-hiderT    built 
efly  en  roting  -wo>! 
C,  Tie   l«i«i   gutter,   capa'hl*1  of  over- 
lowiag  or  '  iMtkic?  only  the 


* 

tj 
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ft  Lnt;'?  \.'Ou<irutTion  of  lath  (or  other  pendent  contrivances j 
and  poster,  the  burdtn  of  which,  pulling  on  the  thin  outer 
screen*,  is  supposed  further  beneficial  to  trade.  This  piece 
of  rcenery  %  sometimes  continued  ail  round,  but  generally 
conriu«d  to  a  side  or  two,  aad  returns  round  the  angle  a  few 
inches,  IE  to  give  the  spectator  the  double  pleasure  of 
being  deceived  when  so  placed  as  to  see  only  one  side,  and 
he  taras  the  corner. 

THE   FEIEZE   OR   NECKING   TBACED 


CchmB. 


the            of  the  Greek               we  always  lad 
a                   the  and  below  the  projections  which 
the               tie  and  every  other  principal  mem 
ber,  we                Ike  has  its          or 
tie  it  and  the         below 

in  bat  always  by  a  line  of 

la  the  of  the              (at         of 

t             this  Ike  of  is         by  the  projecting 

tie           in  tad  the                 of          tombsf 

*it                 a  of  the          before  the 

;  and  in  aid  the                of  JLysierar 

tee'                  it  is  by  &            tie            re?  erse 

«C  tie  tret             bit  it  »  tic 

<f  a  lit  el  «fo  of  tie 

hy  a            «ft  itf           to                 first 

it  Egypt,  md                           they 
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ttiached)  perfected  by  the  Greeks,  ana  u-  have  descended  bj 

tradition  for  3000  years,  through  al  the  vicissitudes  of 
Roman,  Romanesque,  Gothic,  and  post- Gothic  fashions  to 
oar  own  day. 

A  hundred  generations  of  men  have  now  admired  this  pe 
culiarity, — have  felt  that  it  could  not  be  omitted  without  de 
terioration  of  beauty.  Why  is  this  ? 

Let  us  hazard  a  conjecture.    We  have  said  that  there  can 

EGYPTIAN   INTO   MODERN   ABCHHECTUBE. 


fcrij  Gothic       GoftJe 
Shaft.          Basement, 


late  Gothic 
Pedestal 


Modern 
Wall 


be  no  contrast  between  two  things  totally  dissimilar.  Con 
sequently,  there  can  be  none  between  two  such  things  as  a 
cornice  or  capital,  and  the  wall  or  mass  below  it.  They 
have  ao  point  In  common.  Now,  if  we  can  introduce  be- 
the  twor  something  that  shall  ha¥e  a  resemblance  to 
the  in  one  respect,  and  a  semblance  to  the  wall  or 

Wow  in  another  respect,  it  may  form  a  contrast  with 
This  can  be         by  catting  off  (by  a  Hue,}  froia  the 
mass,  a  portion  about  equal  in  height  to  the  cap- 
lag,  or  the          of  shadow  cast  by  it.    This  will  resemble 
the  above  in  »r^  but  contrast  with  it  in 

If ;  it  will  the          beneath  in  and 

bat  with  it  in  its 

which,  I  think,  any  one  a 

or  to  do. 

la  Egrpt,  the  and  one  eoacafe 


1S6  HISToBY    AXB    RUDIMENTS 

sweep,  [though  the  intense  sunshine  of  that  climate  casts 
the  shadow  of  the  latter  in  such  a  way  as  to  form  a  sharp 
contract  of  a  dark  and  light  band  nearly  equal]  Bat  the 
Greeks,  at  the  most  unmitigated  contrast,  thought 

the  curved  surface  too  light  a  form  for  the  severe  sublimity, 
object.    They,  therefore,  made  the  soffit t 
and  the  frieze  two  distinct  planes,  meeting  [at  first,  proba 
bly,]  a  nook.     The  fancied  by- 
Into               of                 construction,  have  not  the 
r^'jinblanceto  any  tiling  of  the  kind,  being  far  too 
and            for  any  rafters1  feet ;  moreover,  the  practice 
of                     or  copying  one                 in  another,  was  to- 
opposed  in  principle  to  every  thing  the  Greeks  ever 
did.    TV:*   features,  together  with  their  drops,  are  sup- 
by  Papworth.  to  be  intended  among  other  puqx>ses  to 
up                     the          of  the  shadow  cast  down  OH 
the  frieze,  which           if  straight,  would  most  harshly  cut 
the                                 by  a             Hue,  besides  appearing 
an                        division,  which,  varying  ia  place  with 
tie          of  clay.,           not               be  pleasing  ;  and  "  that 
in                                 be  violated  wbich  prevents 
tie                                                         the  proper- 
of             it  may  be  observed,  so 
la  perspectlve?              the  only 
severe                  ;  owing  all  its 
t©                             of                           without  any 
of          in  the                                  or  any  iatrodae- 
of  flie                 of                                     unavoidably 
bj                       He          of          an 

in  a  ar- 

for 

are  to  Tas 

tlte  the  of 

or  oa  the  Egyp- 

It  to  me          tbe          aim 

at  is  to 
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rendered  them  necessary.    The  of  horizontal  lines  in 

the  entablature  required  to  be  contrasted  by  Ye.rtl.cai  ones, 

the  frieze  was  the  only  place  admitting  them,  the  cutting 
of  the  architrave  vertically  being  such  an  obYioms  faslehood 
m  not  to  be  entertained  for  a  moment^  while  the  chief  plane 
of  the  was  horizontal.  But  the  vertical  lines  could 

not  be  repeated  all  along  the  frieze  without,  not  only  great 
monotony,  but  positive  physical  injury  to  the  eye,  as  any  one 
may  find  who  looks  intently  at  a  numerous  set  of  parallel 
lines.  The  alternation  of  a  group  of  lines  and  a  square  of 
sculpture  more  completely  carried  out  the  principle  of  con 
trast,  besides  giving  a  field  for  the  sculptor.  In  Egypt, 
each  of  these  groups  of  vertical  lines  consisted  of  five  or  six 
henu-eylinders  ;  but  the  Greeks  confined  it  to  the  smallest 
number  of  repetitions  that  could  exhibit  equal-spacing,  viz., 
ttref ? — an<i,  instead  of  the  soft  rounded  hemi-eyiinders?  they 
adopted  the  graver  form  of  cdag&nal  ;  obliquity  [but 

not  curvature]  being  admitted  in  these  minor  features,  rather 
to  enhance  the  severe  rectangularity  of  principal  parts,  than 
from  a  childish  search  after  variety. 
The  two  planes  of  the  frieze  and  the  soffite  being*  thus 
crossed  by  transverse  lines,  it  became  an  object  that 
two  of  Ikes  should  make  the  most 

contrast  with  each  other,  not  really — but 
ally :  for         purpose,  the  real  angle  between  them  was  di- 
to  less  a  right  angle*  by  making  the  soffite 

which  has  the  effect  intended  in  whatever 
j  as  will  be         by  the  following  sketches. 


A  a  with  the  sloping 

over  is  the  in  wMci  it  will  be          that  a! 
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the  a,  d,  Cj  &c.,  appear,  in  consequence  of  the  perspec 

tive,  nearly  right  angles,  I.  e.,  more  abruptly  am^mded 

the  corresponding  angles  in  Fig.  B,  which  shows  the 
of  a  horizontal  soffite.    This  effect  will  be  equally 
true  in  an  Yiews  as  seen  IB  the  two  ignres  below 

i  A  horizontA^ — B  inclined  aoffite. 


"We  here,  protest  against  that  insolent  libel 

on  the  Greek  architects,  the  theory  of  Yitravins  and 

Mllkia,  who,  of  all  writers  oa  architecture  or  building,  per- 

give  the  fewest  hints  at  general  principles.     In  the  case 

of  the  of  the  soffite,  this  barbarous  theory  is  at 

by  two  facts,  the  inclination  beiog  observed 

OB  with  the          of  the  building,  aod  its 

of         of  the  roof.     To  aid 

the  the  to  imperceptibly 

and  the  any  want  of 

obTicms  at  the 
corners, 

efficiently  the  con- 

la  this  we  mot  on  the 

of  the 

and  of 

o  i  Its         and  The  osly 

to  at  Its  Terr  top,        $0  with 

of  the  friz-,',  us  to  be  only  t&  recon 

cile  tie  u.fasiee  bat 


*la!>*!  i« 


.a*ta2Ue  to  tie  iatw  c  ^  the  Pte 

v*  <|Ttt,  tUa  not  !ti 
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occurring  between  the  completely  ornste  and  com 
pletely  plain  member.  The  decoration  is  applied  under  each 
triglyph,  because  the  same  number  and  quantity  of  horizontal 
that  suffice  to  support  and  bound  the  metope  sculpture 
would  not  suffice  to  stop  and  contrast  these  groups  of  strong 
vertical  lines.  The  principle  Is  exactly  that  which  led  the 
Italians,  whenever  they  had  a  string-coarse  serving  as  sill  to 
a  tier  of  windows,  always  to  attach  it  tardly 

matters  what,  under  each,  window  or  each  window-jamb. 
The  sttb-triglyphs  are  simply  repetitions  (with  less  projection^ 
of  the  mntules  ;  and  this  repetition  serves  more  than  any- 
else,  except  the  repetition,  to  give  unity 

of  style. 

Descending  to  the  column,  we  must  observe  that  the  pro- 
file  as  already  explained  by  the  generalized  imita- 

of  limbs,  though  perfectly  proper  for  the  support  of  a 
extending  in          direction          the  capital,  fas  a  fiat 
celling,)  requires  an  addition  to  fit  It  for  placing  under  a 
that  extends  on  only  lire?  sides  of  it.    Unless  the  archi 
trave          as  wide  as  the  (which  would  render  the 
top-heavy ),  it  would  mot  press  OH  the  of  that 
is                to  preserve  the  analogy  with  aa 
extremity.    The              then,  presents  the 
way  of  spreading  this  pressure  over  the  whole  capi 
tal,           Its                   is  regulated  by  what  is  found  by 
to         the  expression  of  to  this 
If  too  thin,  it  is  apparently  if  too 

The  as  though  Tby  con- 

to  He  is,  to 

KotMfig-  fee  so  in 

to  in  the  as  the 

of  a 
It  the  of  power.    A 

the  use  of 
Ms  at  of  eon- 


190 


HISTORY   AXD   RUDIMENTS 


f  Tlie  first  improvement  OH  the  square  would  !>e 

by  its  aagles,  to  reduce  it  first  to  an  octangular, 

and  to  a  16-sided  prism.     But  the  contrast  between 

successive  sides  of  this  being  very  slight,  and  liable  to 
be  counteracted  by  the  faintest  weather-stain,  this  contrast 
to  tie  utmost,  by  so  hollowing  out  each 
as  to  the  arris  to  a  right  angle.     The          thing 

was          for  the  by  the  Gothicists  in  many  of 

(see  example  in  the  parallel 

in  p  185).    There  is  only  one  case,  however^  of 
the  —  crowning  the  premou- 

of  (Cape  Colonna),  evidently  for  dis 

tant  Everywhere  else  we  find  the  sides  increased  to 

twenty,  on  of  the  common-sense  which 

In  every  structure,  as  should  be  over 

aid  over  voids,  so  should  projections  be  over 

projections,  over  recesses.     Let  the  square  in 

the  be  the         of  the  and  abat 

of         of  a  If  a  be  as  at  &  e7 

the  of  the  (or 

the  axis.)          a  recess  also,  as  at  fc,  will 
its  i 

l^y  the  lliit»-s  to 

Ise 

of   the 

m<  at  c  c  a&d  aa 
ier  at 

the  of 

not  oli- 

*BJ  of 

aad  of  tie 

be  la 

but  the  too  0? 

tic  is  the 

the  of  tie  to  Iti 

, 
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It  might  be  thought  that  contrast  would  be  better  con 
sulted  by  making  every  recess  or  flute,  a  pair  of  plane1? 
meeting  in  a  nook,  as  if  the  plan  consisted  of  five  superposed 
squares  (as  practised  in  some  Egyptian  works  with  a  smaller 
number)  ;  but  not  only  would  this  introduce  unnecessary 
complexity  by  doubling  the  number  of  lines,  bat  by  drawing 
the  outline  elevation  of  such  a  column,  we  shall  find,  in 
going  from  the  centre  to  the  side,  a  breach  of  continuity — a 
sudden  change  in  the  law  of  gradation,  at  that  recess  where 
we  first  lose  sight  of  the  nook-line.  ThoEgli  gradation  was 
to  be  avoided,  it  was  felt  that  wherever  it  did  unavoidably 
oeeur?  it  should  be  continuous.  A  sudden  breach  in  ai»$ 
..radation  is  ugliness,  because  it  is  neither  regularity  nor 
irregularity.  It  is  the  same  principle  on  which  we  condemn 
tiie  sudden  change  of  curvature  in  the  Tudor  arch?  and  any 
change  from  one  curve  into  another,  except  the  perfectly 
contrasted  flexure,  as  noticed  in  Chapter  II. 

There  are  obviously  only  three  simple  modes  of  striating- 
columns — by  convexities  alone  (reeding) — by  concavities 
(Doric  Jlnting) ,  and  by  alternate  concavities  and  con 
vexities  (scallqping).  The  last  is  the  mode  most  common  in 


Seeding.  Boric  luting. 


regular  striation  is  here  confined  to 
(not  objects,  and  this  is  abstractedly  the  most  elegant 

all  and  no  contrast.     Of  the  other  two 

tit  Doric  most  contrast,  for  several 

First,  al  Its          (which  are  tie  only  where 

of  can  occur)  are  viable, — while  in  the 

a  few  of  tie  can  be          at 

Next  y         two  of  these  nooks  in  the  reeded  example 
«aa  ao  the  sun  as  to  lave  one  side  and  yet  the 

not  by  it  as  at  *,  I.    Is  the  nook  %  both 
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receive  light,  thongh  not  equally  ;  and  in  d,  one  casts 

Its  shadow  on  the  other :  now  the  edge  of  a  cast  shadow 
caa  never  have  the  sharpness  of  contrast  that  an  actual  edge 
of  a  body  has.  Moreover,  in  concave  snrfaees,  as  already 
remarked,  the  east  shadow  of  the  edge  often  (in  sunshine) 
reduces  great  part  of  the  concavity  to  equable  shade,  and 
thus  obviates  of  the  gradation  that  is  unavoidable  on 
convexities. 

Tie  of  the  column  ceases  at  the  top  of  the 

its  continuation  throughout  the  swell,  or 

too  many  curved  lines.    It  would 

lie  the  present  capital,  bat  less  fit  in  a 

of  which  grand  severity  (not  elegance)  was  the 

in  the  curves  were  madias  few  as  would 

just  to  give  greater  value  to  the  general  zectangularity. 

The  then,  being  stopped  suddenly,  the 

called  for  the  sub»txiglyph,  required  here 

tlie  of  aid  repeated  horizontal  lines.     One 

to  long         strong  lines  as  the 

m         fe&r,  at  Jive  of  Hues 

to  the  of  the  column,  and  their 

to  the  alternation 

of         and  The  to 

of  and  &ne  hollow,  bat  the 

a  great  decline  from  Doric 

all  tie  colonial  arc  very 

The  to  tie  of 

do  not,  as  be  with  the 

of  the  bat  it 

a  of  To  we 

the  of  are 

on  the  is,  not  ft  tat  a 

and  tie  is  not  an 

aor  yet  that  so  in 

bat  OB  the  is  moAt  right- 
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its 


£  e.,  projection  on  a  spherical  of  which  the  eye  is 

the  centre.  It  is  by  no  means  a  difficult  subject, 
easier  than  ordinary  perspective  ;  and  the  architect  would  do 
well  to  consider  (as  the  Greeks  did)  not  only  the  elevation^ 
and  the  effects  in  plane  perspective,  bat  especially  the 
spherical  projections  of  any  thing,  for  those  alone  are  really 
Its  appearances. 

Xow,  when  we  examine  a  colonnade,  arcade,  or  any 
similar  alternation  of  masses  and  voids,  we  never  place  our 
selves  opposite  a  or  projection,  { column,  pier,  or  but 
tress,)  but  always  opposite  a  recess^  (intercolnmn,  arch,  or 
window.  The  visual  outline  of  the  column,  then,  is  less 
important  than  that  of  the  intercolsmn.  Every  one  must 
have  observed,  when  opposite  a  Boric  intercolmmi,  at  a 

equal  to  its  height,  or  rather  more,  the 

of  its  effect.    This  is  its  ocular  is 

if  the  were  actually  rectan- 

like  a  doorway.    Let  E,  in  the  folio  wing  figure,  be  the 

of  the  eye  in  a  horizontal  place,  x  x  ;  and  let  the 

A.  c,  A  ct  contain  the  of 

c  c.     If  the          of  the  intercoInmE  (or  A.  B, 


A  B)  be  in 

as  of  ia  the 

the  of  the 

lie  a          of  one  of  the  of  a 

;         its         B  B.,  as  a 

of  a  an  of 

the  let  It  fee  to  the 

*  m  aC  *  grmt  eispdb 

1*1 
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as  seen  from  E,  parallel-sided  and  rectangular.  The  skies  of 
this  image  will  then  be  parts  of  the  two  parallel  circles^  a  I 
€.  d,  a  b  c  d.  The  rajs  drawn  from  E  through  every  point  of 
these  two  circles  will  form  two  very  obtuse  cones,  whose 
common  vertex  Is  at  E,  and  their  common  axis  x  x  :  and  the 
vc  rtieal  plane  c  c  (being  parallel  with  their  axis)  will  so  cut 
the^e  two  cones  as  to  form  the  two  hyperbolas  A  %,  A  B, 
will  be  the  form  that  must  be  given  to  the  lines  that 
are  to  parallel,  as  seen  from  E.  To  give  the  opening, 

the  effect  of  reetangnlarity,  (as  seen  from 

this  distance,)  the  sides  of  the  columns  must  be  a  pair  of 
hyperbolas,  having  their  common  centre  at  sy  and 
tlitlr  asymptotes,  s,  s,  s  5,  making  the  same  angle  as  E  c,  E  ct 
consequently  the  same  as  A  E  A  ;  or  the  angle  which  the 
of  the  intercolunm  subtends  from  the  distance  chosen, 
whidi  distance  will  vary  greatly  of  course  in  different  designs, 
but  can  never  be  less  than  the  height  of  the  order,  because 
the  eye  cannot  see  the  whole  of  an  object  at  once  that  sub 
tends  45°. 

Whether         were-  the  exact  curve  given  to  the  entasis, 
I          no  of  ;  but  this  seems  the 

any  particular  curve.    With  regard 

to  its  on  a  certain  chosen  distance  of  sight,  it 

be  that,  nearer  than  this,  we  can  only  sve 

and  in  a  whole  column  or  intercolaniB  ; 

at  all  we  take  In 

rather  by  the  the 

of  the  so         their  limb-Ike  form  does  not 

the  nature  of   the  principal 

The  provision  bestowed  by  the 

*  tar  in  Grecian  earteatmrw  ate  tie  ttpwarfi  expsn- 

IB        wl'ItJa,  cf  a,  of          teogih,  as  the  longest        in  tke  front  of 

3a»  «t  wife  tkeir  axes  opriglt,  their  inner 

way  tie           m»l  (wben  Tiewrf  one  emi  of  the  mveam*; 

iriik  a  portico.  Ifagth 

tiac  «t  &e  fuller  eni,  tbime 

ftto-r*,)  oM  rswta^iiMr,  wffl  *p^«r  sa.    But  tb«  fartlwr  It  Is 

spaawpf^,  tfct  «f  will  *t  D»^T%  w  thai  the  leap*  the 


OF    ARCHITECTURE.  19£ 

Doric  architects  on  the  effect  at  distance  (from 

miles  down  to  inches,  from  their  work)  is  most  remarkable. 

The  cc*r red ions  are  another  most  admirable  refi  De 

ment  peculiar  to  the  architecture  of  the  Greeks.  This  effect 
not  require  the  presence  of  more  than  one  column,  (so 
that  it  cannot  depend  on  the  intercolnmn,)  audit  disappears 
beyond  a  moderate  distance.  It  is  explained  perfectly  by 
the  fact  that  when  the  eye  is  directed  to  the  middle  of  the 
column's  heights  (which  it  must  be  to  see  the  whole,}  the 
and  lower  parts  being7  the  one  more  distant,  and  the 
other  nearer,  than  the  part  to  which  the  eye  has  adjusted 
itself ;  they  will  both  produce  on  the  retina,  indistinct  imageSj 
oat  of  focas,  and  therefore  too  wide.  The  effect  may  be  per 
fectly  imitated  with  a  model  of  the  eye,  or  a  eamera-obscnra. 
But  the  in  Greek  columns  is  commonly  than  suf 

ficient  to  correct  this  illusion,  and  so  we  should  expect  both 
the  treatment  of  the  intercolnmn  above  explained,  and 
the  generalized  imitation  of  natural  columns. 
Bat  the          general  source  of  the  illusions  to  which  these 

was  or  the 

of  on  the  retina,    It  is  this  which 

tie  of  a  portico,  the  sty? 

than  the  others         against 
a  themselves.    In  each  case5  the  lighter 

os  the  limits  of  the  darker, 
— the  sky  en  the  — the 

on  As  this 

in  optics)  is 
by  we  a 

an  =L-     -  •=" 

Let  the  tie  of     ~^==r 

tie  fbft          of  ti»  &CTCT 

so  ms  to  W« 

miitii  cf  ike  mi  :          at  tfce  ctU- 

£•& : :  ita  :  tie  fcj  aaft  fee  tM  ey« 

t»  tli*  stSkg. 

rf  m  «s  tt»  JJwil;  fi»  I 

imy* 
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a  estimate  the  relative  widths  of  the  two  ends  of  this 

rectangle,         then  measure  them.    The  drops  under  the 
if  cylindrical,  will  appear  to  taper  downwards, 

from  their  tops  seen  against  the  shadow  of  the  fillet 

aboTe^  and  their  lower         against  the  bright  surface.    To 
this,  they  are  made  slightly  conical  in  the  contrary 
So,  also,  columns  with  vertical  sides  seen  against 
a  wall,  the  of  which  are  shaded  more  than  the 

lower,  (as  behind  a  colonnade,;  will  appear 

to  ;  and  to  correct  this,  seems  the  only  ob 

ject  la  the  hardly  perceptible  upward  diminution 

to  aid  that  of  columns  in  the  lighter 

are  not  imitated  from  the  animal  type. 

other  corrections  may  be  called  rather  than 

against  illusions  of  ratter 

j  of  which  may  be  traced  to  the  well-known 

of  always  to  make  the  between  the 

greater          it  really  is.    Red  aid 

redder          greener  towards 

at  a  ;         this  I  hold 

to  be  10  al  of  whatever  kind.*    Thus, 

the  of 

it  really  is  ;  and  hence, 

in  tie          of  a  (where  is 

&  It  will  be  ;  t.  e.,  eYery 

less  it  is  ;  an  lie  ap 

parently  aact  ma  To  this 

I  the  the  of  a  portico^ 

all  tlit         of  its  el  llf 

top, — an  I  is  no 

la  tie  we  ABB, 

of  (as  by  the 

at  1 1,  i  al  will  evidently  L*e  to  the 


•Blswr^  ofcyfr  as  L.  »^tmsfrffJf«iwf«jw,    Wktawtr  fbey  sure  net  gr«*tl? 
{tfaf** » F  tJ**-  frf  »B  ftteuiLmf t  far  * 

«*  l*¥*  CWMB  tilt  CJifftTiJit* 
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apppear  to  over 
hang,  and  tlie  effect  mil 
be  further  Increased  when 
the  outline  is  connected 
with  the  ground-line,  not 
by  a  right  an^le  but  by 
two  obtuse  ones,  as  at  D  c,- 
f  which  often  occurs  from  a  flight  of  thin  modem  steps?  or 
perspective  lines  of  stylobates,  &c.)  The  mere 
diminution  of  the  corner  column  is  not  sufficient  to  counter 
act  this  effect  at  least  not  in  the  case  of  the  lighter  orders, 
where  the  dimlEiitioa  is  so  mach  less  thaa  in  the  Doric  ;  and 
hence  the  axis  of  the  column  should  be  iaeiinedj  and,  to 
eqnallze  the  spaces  between  the  capitals,  of  coarse  the  axes 
of  all  the  columns  must  have  a  general  upward  convergence* 
TMs  with  the  result  of  the  latest  admeasurements. 

The  antique  orders  seem  to  have  originated  in  different 
parts  of  the  world — the  Boric  being  the  only  one  that  can 
properly  be  considered  a  Greek  invention  ;  the  Tuscan  a 
of  the  Doric  ;  the  Ionic  an  Asiatic  importation. 
The  Corinthian  a  reiaemeat  on  the  Egyptian  and  the  com 
posite  rather  what  its  name  would  import  than  a  separate 
order,    la  all  Asiatic  styles,  also,  there  is  a  tendency  towards 
projections  from  two  opposite  of  the  capital, 

upward,  and  serving  as  brackets  to  the 
;  pendent,  and  one  of  volutes, 

not  form.    The         is  another  Asiatic 

the  farther         we  go,  till 

in  it  with  its  moulded  details, 

to  a  of  the 

its  in  the  Ionic  carried 

to  In  In  a  more 

bat  to  the 

we 

as  an  for  the 

of  the  five  of  m  the 
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There  is  a  fair  specimen  of  these  works  in  the  fine  tomb 
or  monument  whose  reniains  fill  the  Lyelan  Room  at  the 
British  Museum,  and  I  think  any  one  must  be  shocked  at  its 
want  of  an  apparent  architrave,  and  at  the -fa  age  block-like 
dentils,  fit  only  for  an  engineering  work,  placed  above  so 
delicate  an  order.  These  features  are  known  to  have  been 
anciently  practised  in  Asia  Minor,  bat  never  in  Greece.* 

*  Tlae*e  rexaurks  must  not  be  misantlerbtood  to  apply  to  any  thing  beyond  the 
$w<dte*j  iL«  gfrncT-il  form  and  arrangement  of  that  an*!  other  Ionian  tombs  being 
above  criticism,  for  their  grace,  lightness,  variety,  and  ebe^rfuluees,  so  opposite 
u*  tit*  gloomy  ligllattss  and  sham  masslvenesa,  by  Christians  thought  essential  to 
every  thing  uepalchml.  The  most  famous  of  these  monnmeats,  that  of  Manilas, 
which  ha«  given  a  to  all  pompous  works  of  the  kind,  has  unfortunately  left 

no  vestige  ;  and  the  statement  by  Pliny,  that  it  measured  on  the  north  and 
sooth  tQ  fret,  bat  was  shorter  on  tjhe/mrfe,  jet  411  feet  in  entire  circuit,  1ms 
mmi*- it  a  klsa«i  cf  problem  to  restorers.  Supposing  the/r0Nfe  to  be  (,ts  In  all 
ancient  building)  east  and  west,  it  will  be  seen  that  the  jltn  must  have  been 
wtfcer  &,gh'*tfdedvz6  md/brm.  Hie  former  would  by  its  oblique  socles  exclude 
ilif  a^e  of  the  Ionic  (the  nation*!  an.4  sepulchral)  orfer.  The  exprea-kms 
-  attoZ:tur  in  altitaiiaem  HT  eabitis  :  cingitar  columnls  ixxvi  *  *  saprm 
pterGxi  pyransts  altitutUn^  mferiorein  (pyramidem)  aequavit.  xxiv  gra«libas  ID 
caeumes  se  eoatrabwis"  seem  to  imply  a  basement  25  cubits  his»h,  item 
%  «*!<rai»«3«,  madl  above  It  a  pymmid,  etmaling  the  height  of  *A«I  &e"ow  (sar- 
r«T3i»jBii  tff  tlaft  edonnaie.}  33s«  finial  a  quadriga,,,  ft  mkiBg  1  be  total  heigfat 
140  feet.  that  of  the  Imgeaaent  and  qnacMga  bfis^  deducted,  would 

80  c-r  W  for  thecanler          pyramid  or  about  40  for  the  order  alone  wiose 
»lttma%if  woaM  beaJbeat  4  f*»t  in  lijameter,    Tbe  anoexefl  arra.ngement 

how  S6   of  tLem,  with  a  systyle 
g,  could  serre  %  corn:  the  whole 
pMn,  by  means  of  traleaP^  (Ik© 

that  of  the  beantiful  tmnb  at  Mylassa,) 
resting  oatw»r,!ly  eu  iLe  eolumnSj  and 
inwarfly  cu  lh«  #1*2^8  cf  th*«  pyramM. 
A  hexaatyle  porticw  €8  f«;t  w:«le,  w;«nH 
appear  em  eaet  finx.lt,  and  a  tetrastyfe 
(with  a,  f'e*!In.ei2t)  oa  «aeb  frent ; 
ami  m©  would  be  r*«"|uir**d  of  gremter 

«^n  than  II  feet,  that  of  tit*  arehitraTes 
only   S  f**t.      A   late   restcratloa 
which,    c£»BengeA  tlie   **  prtMliietl&a  of  & 
better"  1ms  aearly  4iH  it-*  arcli;tra¥ea  of 
17  feet  sp»»,  aad  fornviag  th.81  <w'y  fez*« 
to  &  pyjxniM  *s  ^B.iing  orer   the  wtofe 
(witleb  lias  ai"«j,t  *fo»b!e  the  area, 
of  fe*f«  ylrea,)  the  mc*«t  maj?BiTe  ef 

»S  fcmi*  l;*teg  thus 

i»  &M         oa  «,i!ttHaai>,  aad  erf  Us* 


OF    ARCHITECTUKE.  199 

The  Immense  temple  of  Ephesus,  and  others^  hardly  infe 
rior,  in  most  of  the  cities  of  that  country,  were  Ionic  ;  but 
the  European  Greeks,  with  their  general  accuracy  of  taste, 

confined  this  order  to  their  smallest  works,  in  which,  sub- 

liirjty  being  unattainable,  elegance  was  substituted  ;  and 
perceiving  that  the  character  of  their  national  style  would 
I"*  entirely  lost,  without  any  equivalent,  when  the  columns 

were  reduced  in  thickness  to  less  than  a  sixth  of  their 
height,  f'tlie  proportion  of  a  lion's  leg,;  they  wisely  rejected 
it  in  such  buildings. 

Of  the  exquisite  curvilinear  forms  invented  for  the  adorn 
ment  of  the  Ionic  order,  none  is  more  general,  and  yet  less 
understood,  than  that  called  by  them  anthemion,  and  by  us, 
the  honeysuckle,  thongh  it  lias  Hot  the  slightest  resemblance 
to  that  plant  or  any  other,  being  no  representation  of  any 
in  nature,  but  simply  the  necessary  result  of  the  com 
plete  and  systematic  attempt  to  combine  unity  and  variety 
by  the  principle  of  gradation.    First,  a  "  line  of  beauty" 
formed, — a  Hue  of  contrary  flexure,  of  our  fifth  class, — 
not   of  but  gradated  contrary  flexure.     OB  the 

principles  explained  in  Chap.  II.,  the  unity  and  variety  were 
by  a  gradated  increase  of  breadth  from 
end  of  this  line  to  the  other  ;  then  a  series  of  such  lines 
were  not  all  alike,  bat  gradated  from  the  longest 

to  the  shortest.  But  as  did  not  produce  a  symmetrical 
or  the  of  obtained  by 

two  of  ill  :    thus 

we          one  of  the  tuft-like  that  the  pattern 

At  ie          all  alike^  but  they  would 

the  variety  by  two 

IB  of 

but  in  tie  As  tii* 

are  not 

to  an  of  w 

to  the  a0t 

the  of  in  the 
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tare  i'  evanescent  at  their  middle)  increases  up  to  each  ex* 
treiahv  so  as  to  form  curls  CT  volutes  ;  and  these,  associated 
with  the  above  forms,  complete  the  aidhsmion  in  all  its 

Yaritties.* 


Ionic  anthcmura.  Doric  fret 

As  a  systematic  attempt  to  embody  as  perfectly  as  possi 

ble,  in  a  beamed  building,  the  one  principle  of  contrast,  would 

any  designers  to  the  Boric  order  and  nothing  else  ;  so 

the  attvmpt,  In  an  ornament,  to  embody  gradation  alone  and 

unmixed,  to  this  precise  combination  of  forms. 

Thf-  tracing  of  the  solutions  is  easy  after  the  problems  have 
been  solved.  We  can  all  make  the  egg  stand,  after  Co- 
lumhus. 

The  introduction  of  the  aothemloii  into  the  Boric  order 

WOP,  in  itself,  a  great  abuse,  bat  was  palliated  by  certain 

made  to  diminish  gradation  and  increase  contrast, 

as  the  of  contrary  flexure  in  the  curves,  (i.  e., 

from  the  fifth  class  to  the  third,)  the  tenni- 

by  of  rounded  ends,  and  the 

of  set   of  curres  in  the  'Gothic-arch-shaped 

violently  contrasting  with  their  direc*- 

tioiL     Aa  more  fit  for  this  order  (bat  wrhaps 

the  principle  to  excess)         that  called 

the       ,  it  be  observed,  anciently,  never 

a  form.     It  was  left  for  the  age  and 

of  to  a  tiling  in  carred 

*  ?%«?  at  tHs  tiOBdkuricm,  I  H»j,  is   Ms    **  Essay  en  Form,  * 

«p?a*a*i,  o&  priBcipfc&j          rejected  the  thai 


f  W^         t          •»»»  m  error  of  EaFkin.    Use 

Ta'a^  Gr  la  »rcMt»rtttre  defeats         fc.  fie  fffffrm  oa  th,f 

>f  tatar  l&qr  If  it  ffdj  tke  «fw  executed  would 

"k^  *l  «  *t  as  chiJaw  sertAiaa  IniSam  r«ek~t«mf  lea.    Bat  ibe  fmlo* 

efrrwUBMifa  wfe«Sy«a,  tee  mmfi-tait  of  t!»o^fe  ,  of  teftor.  fin- 

I  a-_  1  te  .rrsat  «r  It  i»  tl«t  it  be  «ot 
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What  Sir  J.  Reynolds  observes  of  Ms  art.  is  applicable  "to 
every  other,—"1  Such  as  suppose  that  the  great  style  might 
happily  be  blended  with  the  ornamental, — that  the  simple, 
grave,  and  majestic  dignity  of  Raffaelle,  could  unite  with 

the  glow  and  bustle  of  a  Paolo  or  a  Tintoret. — are  totally 

mistaken.    The  principles  by  which  each  is  attained,  are  so 
contrary  to  each  other,  that  they  seem  in  my  opinion  Incom 
patible,  and  as  impossible  to  exist  together,  as  that  in  the 
the  most  sublime  ideas  and  the  lowest  sensuality 
at  the  time  be  united.'* — (Discourse  IT.)     And 

he  also  remarks,  "  Some  excellences  bear  to  be  united,  and 
are  improved  by  union  ;  others  are  of  a  discordant  nature, 
and  the  attempt  to  join  them  only  produces  a  jarring 

of  incongruous  principles.    The  attempt  to  unite  contrary 
excellences   (of  form  for  instance)  in  a  single  figure,  can 
neYer  escape  degenerating  into  the  monstrous,  but  by  sink 
ing  iuto  the  insipid  ;  by  away  its  character, 
aad  weakening  its  expression.77 — (Disc,  v.)     Such  was  the 
to  produce  a  Doric                  (a  contradiction  in 
;  and  tie  result,  the  rectangular  fret,  may  well  be 
(with  all  its  Tarieties)  the  most  monotonous  and 

ever          as  an  by  the  and  cuts. 

If  we  the  term  "ornament77  to  the  glorious  scalp- 

a  part  of  the  Boric  order,  that 

(in  low  relief,}  Its  (in  higher,) 

its  (in  statuary,}          we  nay  well 

it  fey  far  the  (or  order 

or  The  of  a  fit 

i.  e.r   one  the 

U»  ©rrt 

tbf  x»t  to 

ifae  *&i  ma~ 

«rpisrt4  of  that  •»  *r  i»  toe  §n«  fer 

in  ttfe  tiw 

work. 

It  to  <fcr  tte  1»  ilmt  tfe*  worfcm&B- 

"b*  mat  of  I*,  (as  In  of  mi*  Jwn,  fer 

tb«  te  «rf  ite  as  Sa 
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effect,  and  harmonize  with  the  rest  of  the  composition,  Is  the 

problem  to  be  solved  In  the  adaptation  of  this  grand 
stjle  to  thosi'  few  modern  purposes  In  which  It  may  and 
ooght  to  be  employed.* 

The  Corinthian  order,  with  all  Its  elegance,  indicates  the 
if  not  the  commencement,  of  decline  in  Grecian 
art :  if  not  IB  architecture,  at  least  in  sculpture,  of  which 
this  order  did  not  absolutely  require  any.     Ctirc'wg  had 
its  place,  doubtlessly  because  the  sculptors  were  no 
capable  of  executing  those  wonders,  l*y  the  side  of 
all  later  sculpture  would  have  seemed  barbarous. 
I»  the  of  taste,  in  all  countries  and  in  all 

every  thing  is  ornament,  if  not  fritter,  and  DO  beauty 

IF         in  the  pure  noble  breadth        simplicity  of  the  earlier 

productions.    The  Parthenon  itself  could  not  spurn  from  its 

tbe  brash  that  found          a  convenient  field 

for  the  display  of  its  ephemeral  fancies.    First,  the  few 

moaldag's  were  covered  with  forms  imitative  of  the  cut 

of  the  delicate  orders  ;  from  narrower  surfaces, 

*  C  at  Bt*i  tikftt  Cf-eric  (be*ng  it  amded  on  oaiure  «an4  truth)  mm. 

mf  wlsW  ^4  *a3  i&aee,,  rtver  to  be  t,sed  ft*  it  etcr  *o  a**V<->-  }  nr r  «»i»e  to 

be  fmet ««?     *  "t  ever  sc  Impracticable,)  we  mn«t  £rti  it  a  irafir  f.f  ><*nc€  iin- 

t          V  *Kn*At«3.  wtetier  ast d  or  »bia*c«!,  split  wr  mi&api&ed, 

A  %«r  woxl?  <aa  *Ltc  icorf  obvtuw  and  g»s§  Moires  of  car  !n  iia+  na.  niaj  oot  be 
af^ae*'1  ;  f«jf«k3j  rtgarC'ug  tfa*  aalvt*ti«le  B«hee««  *rj  &  "  tfee  I'oric  mt- 
trj*1^  pfrd2m*Bm*-1i'C3l|,*'aj*,  la  a^cnoim  mafl  ou  Birtbem  frcn*«,  I  can  ie«*  no 
o-v®.;*  ,a  to  i«.a*-"mg  cr  Iaj»ying  Im  tt«t»tj!eof  the  aaeviit  va>««*,  tbe  figure* 
2gj  *er  tit  a  tte  ZT"UE  I,  Tar!*d  by  lisas  or  eiy-fcMj*,  l»  it «  ib  DO  atteirapt 
at  Vd»p  ire  *l«  d  %?  la  &"»mti»  rw*«TiE/  tie  san,  bowtT^r,  •»!  ^  will  uot  an- 
»*et ;  s^*it  e**"fa  tier*  regaif:te  to  feres  k  wp  the  other  wise 

i*m  f -t  find  IT  r I  tbf»  eons^ce  Wlere  the  figures  *r*  m^t  jhrr^+ie  but  ZB^TB 
l»tV^B«,  *  w  S  fe»  Bt*d*al  %r  swtritj  of  ezpTe»*i«n,  that  ibry  "he  «<f  tlv?  Feei  rd 
«7a*«,  f»  e  »  *L  tfij  c  T  |«(  «*3  rfitmif<*4  Hues  femt  «Htg»»il  PB  »  (In  tlie  inetoj  ex, 
*  »**'•  d  e  sT  ^  a  ?  *Sj  tie  rer»'WBii]ng'  lime*,  *si  AB  tee  f«€  must,  to  avcii!  a 
Tgrver  ^^  ^^  jm  *>3B  tlsat  rftfe*mp»!«Tit«eIf  Ji  Irra  grmtH^s  of  lit  e  an*1 
«  ii,  T»  do.  **  r  fJLr  j?*ai*S«*  aifj  Tsratd  in'irlsf  fee  jjaet-fl  »,*fi(r«  »  dart 

f»2»  aokit,    ^Ira^siit*   the  latter  math,  xcrre  tlm*  *,Ee*«it!j,  a«  tTfrry 

n*«  **  Lt  il  %  tn  *ia+  tLaclsmtet  ,  aai  to  JTOCH«  tto^  rt  «e««*f  light  IB 
|ijr»  s-^*1  IT  *»  E^  w^^v  */r  tleSae  effect  it  f*"1!^  JPI!  ftr  star-Hk* 

f  r^T*  £  f  ^Lj***-  ^-ri^lrjf  r«B*  SB  isttepe  tlssrf*  er  *T»  m  ifce  }<edizcexti" 
s?  *,*,*"  ?4  £L*  •  it  *  IP*!*  a  lit  smrfk^,  bat  wi*li  «*vwial  plasw  a  pym 

&  'j3  T  g**-'    *  »*  v  ar  f*T  cf  iur^.^  ^nv 
'JXBI 
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they  advanced  to  broader,  till  even  the  abacas  was  made  a 
pattern-block.  When  the  noble  Dorian  works  began  to  be 
thus  desecrated  is  uncertain,  but  probably  mot  til  a  late 
date,  as  no  Greek  or  even  Roman  writer  makes  tie  slightest 
allusion  to  the  practice.  Oa  the  contrary,  the  constant  use 
of  the  term  white  &to-m  (or  marble)  in  their  descriptions  of 
baldlags  shows  that  a  value  was  placed  oa  that  whiteness, 
which  alone  coald  render  (evea  under  a  Grecian  son)  some 
of  the  delicate  adjustments  of  light  and  shade  visible.  The 
low  relief  of  the  cell-frieze  of  the  Parthenon,  perhaps  ren 
dered  a  colored  ground  necessary,  e¥ea  to  understand  it,  in 
its  dark  situation,  just  under  the  ceiling  of  the  colonnade  ; 
probably  the  metopes  and  pediment  sculptures,  though 
not  requiring  such  a  coetriyaace  for  relief,  had  it  at  aa  early 
;  not  or  the  tympanum  would  have  been 

of  a  deep-colored  stone  (as  that  from  Eieusis,  used  for 
relieving  the  sculpture  of  Ionic  friezes,)  for  the  taste 

of  that  day  avoided  wherever  variety  of  color  coald  be 

by  different  materials. 

If          were  any  coloring  OE  the  Doric  temples  in  time? 
of  Doric  taste,  it  beea  coaiaed  to  a  few  members, 

and  to  the  general  monotony,  Just  as  a  few 

of  and  variety  in  form  enhanced  the  general 

That  monotony  of  color  is  to  the 

style,  we  from  all  the  works  of  nature  in 

tills  style ; —  ;  5  ;  bat 

;  for  in  if  with  vegeta 

tion,  is  a          of  for  variety  of 

;         yet  as         as  we  to  the 

to  see  tiie  or  a  enough  to  be  the 

Its         veij  the  to 

What  can  Xatmre 

wt  in  her  Doric  ?* 

*  Wh&l        air  !*'*»  fa  *»  fer  of  la  a  great 

an!  «jdll£ag  wii*  «te  ff  Ijeiarmiu  &«  nul  mt  bat*           sfttxs*  .*!  Anrrn  in-j 

rtf  a  *jgirtet,  tiH  la»rtilT  4  teli^-sl^r  jntt'wtjr  Is  »fi^d!rei          feJi 

s»i  aot  frosa  tfec  foljearcaj  Not  waly  the  a^a^ 
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It  is  possible  that  some  of  these  temples,  when  composed 
of  a  coarse  material,  might  have  had  the  whole  surfaces 
finished  with  some  kind  of  stucco,  paint,  or  Yaraisli ;  and  if 
the  profiles  were  so  adjusted  as  to  give  forcible  shadows^  and 
no  nicety  requiring  whiteness  for  its  exMbition,  a  deep, 
Intense,  and  uncommon  color  (red,  for  instance,)  might  per- 
harmoftize  with  the  severity  of  form  better  than  white 
ness. 

As  for  the  painted  on  the  Parthenon^  if  they 

had  in  the  design,  they  would  certainly 

carTed,  or  (If  latness  were  wanted)  inlaid,  and 

not  In  so  a  maaneFj  by  those  who  rejected 

chose  i¥ory,  for  the  statue  within,  because 
lets  duratte,  it  was          costly. 

It  lye  remarked,        the  unparalleled  excellence  of 

the  of  this  building  has  led  to  the  habit  of  consider 

ing  it  the  perfection  of  Boric  also,  which  is  by 

no  so  certain.     Being  bait  after  the  introduction  of 

the  loniCj          nearly  contemporary  with  its  neighbor  the 
the  example  of  that  order,  it  certainly 

to  lonicism.    Tlie  older 

decidedly          grace,  partico- 
in  the  ;  nor  can  any  compete  IB  this 

form,  of  unknown  antiquity, 
the  rock  of  Corinth,  with  Its  columns  of  a 

high,         yet  (what  wondrous 

art  !"j  not  act  graceful.    The 

loss  of  is  one  of  the  arciii- 

las  to 

AB  the  the  at- 

to  as  so  Is  la  the 

Doric  and  in  its  per- 


twrt,  the                   a  are  fey  the           pud  IE*)-!;;  tffect  tb»t 

«v  rttii'Dg  ion*;  It  is.                        a:, 1  7  -m-tfo  attnbot* 

ena«  fe-jr**ftt  y*rt  «f  tfef  of  tlw               *<f  M    '  «•  %  *  at  Tealce  ; 

**»*i»f5i*i:l"  «y*  4 Le  to  be                  ir1    •„    i  -ten 
Ma                                     J! 
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feet  consistency  and  unity  of  idea  that  proclaims  it  to  be?  in 
all  essential  points,  the  production  of  one  mind.  Like  otter 
orders  and  styles,  it  mast  doubtless  have  received  improve 
ments  from  many  hands  ;  but  unlike  them,  or  rather  in  a  far 
greater  degree  than  any  of  them,  does  it  exhibit  the  marked 
predominance  of  one  genius  ;  and  on  this  point  we  are  coil- 
strained  to  receive  the  tradition  of  Titruvius,  that  whatever 
number  may  have  aided  in  its  progress,  it  had  cue  inremlcfr, 
the  greatest  mind  that  has  ever  been  directed  to  architecture. 


CHAPTER  VI. 

of  the  same  Principles  to  Ccmpressih  Building,  by  the 
Medicecal  Architect*. 

THE  Greek  architecture,  having  in  itself  few  elements  of 
or  corruption,  survived  in  tolerable  purity  for  a  longer 
than  any  other  known  system,  and  even  in  its  latest 
(few  of  which,  however,  were  durable  enough  to  remain 
to  us)  it  one  fault,  that  to  have  had  a  great 

in  up  all  other  styles,  (the  Egyptian,  Homaiij 

Hindoo,  Arabian,         Gothic,  for  instance,)  viz.,  the  use,  as 
of  miniature  models  of  the  principal  features  ; — 
the  that  Ieds  in  Egypt,  to  making  a  capital  like  a 

or  ;  at  Rome  and  Baalbec,  to  enclosing 

a  a  ;  in  Gothic 

to  and  without  num 

ber  ;  in  India,  to  a  crowd  of  colonnades, 

;  and  in  to  and 

to  of  little 

the  of  tie 

/ — the  of  ml  to  get  by 

the          ;  an  neYer 

0m  0a 

but  IB  all  tils ;  tot 

tbe  of  it 

18 


BISTORT  AND  RUDIMENTS 

He  Romans  fas  the  reader  should  be  aware;  succeeded 
in  imitating  no  order  but  the  Corinthian,  and  this  only  when 

they  adhered  strictly  (at  least  externally)  to  Greek  c/mslrm- 
as  well  as  decoration,  as  in  the  Pantheon  portico,  the 
temples  of  Nismes  and  Baalbec.     The  columns  and  entabla 
tures  stuck  on  the  face  of  an  arcade,,  as  in  the  Colosseum, 
are  a  constructive  lie,  but  not,  as  some  suppose,  a  huge  oraa- 
The  lie  consists  ia  their  a  mere  ornament, 

are  indispensable  to  stability ;  for  these 

are  really  the  or  props  of  the  internal 

they  would  have  to  stand  out  obliquely 
props,  were  it  not  for  their  entablature, 
(often  itself  a  piece  of  disguised  arch  construction,  in 
to  throw  ail  its  weight  OB  the  columns,)  serves  the 
purpose  of  the  Gothic  pinaacleT  to  steady  the  column  below, 
against  the  side-thrust ;  by  combining  its  vertical  pressure 
the  thrust,  to  produce  a  resultant  more  nearly 

vertical,  of  being  confined  within  the  foot  of  a 

vertically  column.*     Bat  the  column  is  false, 

it  to  the  vertical   pressure  alone, 

a  it  one ;  bat  this 

till  tie  thirteenth   ceatory.     Till  then, 
in  building,  was  con 
sidered  an  one  to  in  architecture ;         this 
mi                      tie  art'  for  in  a  eontiaEally 
Tie  by  the 
or               ;  bat  its                                  the  jw0p, 
was                            for 
II               a 

of         art,  was 

*  TU's*.  aye  (a*§  Ptogim  eisfw-W'S  m  pria 

nJaE  trs»                        «0*  lid                  wiutnK 

He-               5t  as  a  la  a                ;  It  is  sot 

a  -prfofeg Z*  1m  la  rfT                                  aai  waf ,  p«i»p*, 

«•  tfe*                         aB  tit  tf » itjto                   JAN                 to  m  tit 

!a  »ay  fh«                       of 
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universally  employed  (as  at  present);  tne  three  principle?  of 

the  beam,  arch,  and  trass,  being  indiscriminately  n?ecl, — the 
first,  in  1  oth  stone  and  wood  coverings  of  small  span, — the 
second,  in  the  generality  of  stone  coverings, — and  the  last  in 

those  of  timber,  of  which  only  the  roofs  or  ceiling*?  were  fat 
least  ul'UT  the  last  great  Roman  works,  in  the  reigns  of  Con- 

stautli-e  and  Diocletian)  entirely  composed.  One  conse- 
qneiiO  nj*  this  was,  that  the  long  dark  age  of  architecture 

produre<l  no  durable  works ;  so  that  we  hardly  have  any 
example  /  «",«r  not  enough  to  show  us  the  general  manner)  of 
th:m  Its  Jirst  two  or  three,  and  two  or  three  cen 
turies.  The  style  of  the  former  is  called  Roman  ;  of  the 
latter,  or  (in  England)  Saxon  and  Norman, 

and  by  various  local  names  in  other  countries.    The  dura 
bility  of  the  Roman  works  arose  from  the  national  energy  of 
character,  anil  from  Greek  principles  of  construction  being 
in  porticoes,  &c.  The  durability  of  the  Romanesque 
a  general  return  to  more  substantial  construction 
the  year  1 000,  which  was  expected  to  terminate  the 
;  also  from  the  desire  (caused  by  the  frequent 

of  the  open-roofed  churches  by  Ire)  to  render 
the  or  as  as  possible,  of  the  fabric  fire-proof,  by 

below  the  timber  roofing.    At  first  they 
the  narrower  and  aisles*  IB  this  manner, 

but  It  to  the  mala  avenue  or  nave.   This 

first          in  Germany  ?  and  in  the  we  also 

find  the  the  to  the  arch, — 

bat  the 

the  the  The 

anil  of 

but  it          a  by 

mm  the  thereby  it 

a  of  the  ami  It 

fit  for  The 

*  As  mmMgmity  aur^w  of  this  trowS  aisle, 

or  we  mse  it  ealj  la  the  At 

to  tbe  of* 
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buildings,  though  not  attaining  (for  no  arched  building  ever 
can  attain)  the  grandeur  of  the  rectangular  archless  styles, 
yet  liare  a  higher  degree  of  gravity  and  severity  than  the 
lig-lit  sweep  of  the  Italian  round-arching  can  ever  attain. 
Compare  the  interiors  of  the  Lady-chape!  at  Southwark  and 
the  vestibule  of  Somerset  House,  and  remember  that  the 
latter  is  by  far  the  more  massive.* 
It  is  to  date  the  great  transition,  from  the  first 

of  a  pointed  arch,  to  the  complete  disappearance 
of  the  last  one.    But  in  truth  it  extends  from  the 

revival  of  vaulting,  (disused  since  the  Koman  times)  to  the 
use  of  that  covering,  i.  e.,  to  the  disappearance  of 
the  last  lintel,  or  the  last  nnvaiilted  space.   All  Romanesque 
with  vaulting  are  an  approach  towards  Gothicity  ; 
and  the  building  that  contains  a  lintel,  however,  short,  is  not 
completely  Gothic.    Even  at  Salisbury  there  are  a  few  lin 
tels  across  the  narrow  galleries  and  passages.     In  this  coi- 
progress,  the  change  from  round  to  pointed  is  only 
one         and  a  far  less  important,  and  less  exactly  definable 
we  could  name,  which  is  the  of 

fh  It  is  this  that  the  grand  restoration 

to  truth.    It  Is  this  that  distinguishes  the 
of  Marburg  in  Hesse,  and  the  more  glorious 
oae  of  a  few  years  earlier,  in  1219,)  from 

all  them  as  the  first  complete 

of  tie         system.    Tie  buttresses  that  prop 

the  — the  final 

CAUSE  of  to  all  its  mem- 

for  everything  else  is  contrived,  aid 


*  TLut  ?&,  It                   a  eoKstnietloB.    la 

I£Kf51*ifa  arebJtfcrtur J  werk»,  if  Ibe                   thai  they                   at! 

la  tJzlsi  ?«f"Wf,    Ffwiga  *reblt*t*t«re  the  fal  of  Gotiu- 

eEiy",  i?03*>t??  *n  ^w*  Esgli&h  m-wbitcetBic  ibat  perfect  con- 
gist*  la  tl:t  '^w*»nS!ffc"a  of  ita  worki  pike  thentriml 
(^sfr,v,i  1«  earj1!sfi**nl  not  aa  tiej  <rf«»  feat  aa  what  tfe*j  rvpnaKntfi, 
f          wa«  flrrt  ithoTS,  we  %  W»»,  is  Ms  "  Tad  «a 
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without  winch  the  whole  apparatus  would  be  aimless  and  un 
meaning — It  will  be  necessary  here,  first  to  take  a  rapid  glance 
at  that  art,  then  at  the  modifications  it  introduced  in  the  geu- 
design,  and  lastly  in  the  subservient  parts  of  the  building. 

I.  Of  arck  GT  vault  work  as  thi  of 

the  Got/tic 

Whether  any  people  before  the  Romans  were  in  the  habit 
of  building  arches  and  vaults,  is  a  question  haYing  no  bearing 
OB  our  present  subject ;  but  we  most  observe  that  the 
is  a  simpler  principle  of  construction  than  the  arch — is  found 
in  the  works  of  animals  (which  the  arch  is  not),  and  has 
employed  by  many  nations  who  could  not  (or  did  not) 
arches,  as  the  ancient  Mexicans        the  present  Esqui 
maux.    The  ancient  Romans,  however,  (who  constructed 
brick  the  largest  domes  even  now  in  existence),  not 
only         this  kind  of  covering,  which  rests  OB  att         of  the 
to  be  covered,  bat  also  the  simple  or  wagon-head  vault, 
oa  only  two         of  the  covered  rectangle^  leaving 
the  two  all  pressure.    But  further  thaa  thi% 

the  inventors  of  that  highly  ingenious  contrivance, 
the  exerts  its  solely  on  the 

of  the  leaving  al  the         free.    Its  origin 

be  :  a 

to  be  exactly 

at  to  its  course,          it  to 

First,  to 

any  of 

;  the  of  be 

by  by  a  for 

l>y  : 

in  is  the 

the  of  fie          for 

do  tie 

If  we  oar  to  tie  of  the  two 

we         Sal  It  to  be  a 
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OffaimM  the  only  of  its  IWM. 


for  a  dome  may  be  erected  on  a  square  or  any  other  form  of 
bat>e,  and  its  property  is  always  to  rest  equally  on  the  whole 
enclosure  :  now  the  four  ridges,  or  (to  borrow  an  expression 
from  carpentry  j  the  of  this  square  dome?  are  the  com 
mon  iuu-r.-eetion-lines  of  the  two  vaults,  and  are  evidently 
simple  elliptic  curves  la  vertical  planes  :  consequently  these 
two  <fcBiI-€llIpses  have  the  property  of  arckes,  and  caa  sup 
port  not  Only  themselves,  but  Sqmre  crosa-Taolt,  resting  «po»  and 

-  the  whole  of  iLe  upper  eeiling. 

Hence  the  lower  celling  or 
be  entirely 

removed;  as  well  as  the  four 
on  which  it  rests,  leaving 

open,  and  the/'1 
cross-way  completely  covered 
by  a  ceiling  that  rests  solely  on 
the  four  :  it  is  even  inde 

pendent  of  the  vaults  over  the 
of  the  cross,  which 
be  removed,  leav 

ing  the  to  be  com- 

solely  by  four   definite 
to 

f  *  Square  tens?.,  resting  and  < 

ItR  fOW  fec  wMe  enefag^  of  its  Mse. 

The  which  In  the  square  dome  formed 

form  internal  ridges,  called 

and  of  this  Mud  of  vaulting  led 

the  to  use  it,  not  only  over  a  cross-way,  where  it 

but          over  all  corridors          long  apart- 

"by  Into  a          of  each  covered 

tjy  a  throwing  the  whole  pressure  of  the 

on  the  of  between  com- 

the  of  the  for 

or  to  be  ever  so  slightly,  or  even 

The  of          constructions  of 

hw  Tliere  Is  evidence  that 


OF   ARCHITECTURE.  211 

toe  Temple  of  Peace,  now  In  nous,        its  nave  covered  bj 

cross-vaults  83  feet  wide,  so  that  the  groins  OB  which  the 

whole  rested  had  a  span  of  83X^/2  =  117  feet ;        an  apart- 

in  the  baths  of  Diocletian,  still  in  use  as  a  church,  lias 

a  similar  calling  of  about   S6  feet  in  diagonal  span  still 

remaining,  although  It  is  formed  on  an  unsound  principle. 

Ttie  compartments  are  not  square,  but  rather  wirier  in  one 

direction  than  the  other.    ]S"ow  in  this  case,  either  one  or  bf*ih 

of  the  crossing  vaults  ought  to  have  been  elliptical,  so  that 

both,  notwithstanding  their  unequal  spans,  ^  *  '    have  tbeir 

at  the  level,  and  their  crowns  also  at  the 

level.     The  groins  would  then  have  been  confined  to 

over  the  two  of  the  compartment. 

Bet,  ID  fact,  vaults  are  made  semi-circular,  aad  their 

crowns  at  the  level,  their  are  not  at 

the  level    The  consequence  is,  that  the  intersection 

or  groins  are  lines  of  doable  curvature,  and  act  being 

ID  vertical  planes,  are  not  therefore  true  arches,  and  would 

not  be  able  to  support  themselves,  were  it  not  for  the 

and  thickness  of  the  vaulting,  containing  several 

is  necessary.    Moreover,  curves  of 

are  invariably  in  architecture, 

for  the  eye  readily  understand  them. 

the  of  Roman  power,  this  art  of  vaulting 

was          and  for  the  of  Italy  aad  the 

of  all  Christendom  nothing 

but  The  Greeks,  however,  (or  else 

re-invented)  of  of 

the  of  but  not  all  of  them.    This 

oa  :  1st, 

that  every  of  a  %  a  is  ;  amd 

every  of  is  a  curve, 

KM!  He 

of  as  the 

of  A  he 

the         of  com- 
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partment,  square,  rectangular,  triangular^  or  polygonal.  Xow 

the          of  this  plan  continued  upwards,  as  Yertica! 

planes,  till  they  meet  the  hemispheric  surface.    This  meeting- 

must  in  e?ery         be  a  semi-circle,  and  may  therefore  be 

aa  open  arch  ;  and  the  portions  of  the  dome  thus  cut 

off          every  side  of  its          may  be  omitted  altogether, 

office  as  bEttresses  to  the  remaining  portion 

be  by  the  pressure  of  some  other  vault,  which 

be  of  any  Mad,  if  it  be  applied  against  the  semi-circnlar 

no  are  required  on.  the  sides  of  the  sup- 

al     the 
of    the 

(as  it  is  called) 

thrown  on 

the  of  its 

Thus  this 

for 

an  open 
is 

SO  at    Yaatfeg  of  :  the  fiosn*  OT«  the 

SopMa  Of    I3*3*  *»tH»f  its  aaglet,  hot  its 

the  cross-way,  115  feet  square,  might  well  be 

in  the  of  its  a  wonder  of 

the  5  ami  tie  — the 

of  of  —  to 

tie  in  and 

to  the  They 

bj  as  a  of  of 

one  out  of 
of  las  "by  two 

— tiy  Sir  C.  Wren  at  St.  Paul's,  and  by 
at  St.  j  by  the  with 

la  to  the 

But  the  of  this  to  the 
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cross-vault    The  latter  is,  as  we  have  seen,  independent  of 

the  font  adjoining  vaults,  over  the  of  the  cross.    Bni 

the  pendentive  dome  cannot  subsist  without  them  ;  for  though 
its  pressure  is  confined  to  the  angles  of  the  plan, 

Its  outward  push  is  exerted  against  the  sides, — though  it  rest 

four  points  only,  it  rests  against  innumerable  points, 
viz ,  against  the  whole  semi-circle  of  each  of  the  main  arches. 
But  the  cross- vault  has  its  whole  pressure, — not  only  its 
weight,  feat  its  push, — collected  into  four  definite  resultants 
applied  to  the  angles  only,  so  that  it  might  be  entirely  sup 
ported  by  four  lying  buttresses,  no  matter  how  slender, 
provided  they  were  placed  in  the  right  directions  to  transmit 

four  resultant  pressures,  aid  strong  eEoagh  not 

to  be  crushed  by  them. 

At  the  first  dawn  of  Gothic  science,  when  the  numerous 
and  disastrous  Ires  among  sacred  edifices  led  to  tie  attempt 
(irst  in  the  Rhine  valley)  to  vault  them  with  stone, 

a  mixture  of  the  Roman  and  Eastern  methods  first  to 

to  tried,  and  some  curious  combinations  of  this 

are  still  to  be  seem  in  the  old  churches  of  Cologne  and 

its  The  superiority  of  the  Roman  system, 

led  to  Its  exclusive  adoption,  and  it  is  to  be 

in  the  crypts  and  of  many  buildings  of  our  own 

country,  as  in  of  tie  maTes  at  Durham  aid  Ely  aid  the 

at  Ely        Winchester ;         in  tMs 

of  to  the  not 

so  the 

the  as  tie  of  the 

of  the  ;)  far  tie 

of  tMs  t§e  the 

of 
m  a 

to,        tie 

one  for  the  was 

by  its 

to  tvo  of  the  This  is  the 
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at  the  three  great  Romanesque  cathedrals  of  Worm^ 
Mentz.  and  Speyer  (in  the  last  of  which,  the  diagonal  or 

groin  span  Is  more  than  60  feet),  and  in  the  two  great  abbeys 
by  William  I.  and  his  Queen,  at  Caen  ;  and  it  seems 
to  intended,  bat  never  executed,  in  the  nave  at 

Durham.    We  have  BO  example  however,  in  England,  of  a 
with  round-arched  vaulting,  if  we  except  the  small 
in  the  White  Tower,  London,  which  is  a 
vault  without  groins,  and  is  not  a          story,  but  en- 
upper  aisles,  so  that  there  is  no  difficulty  as 
its  abutments.    Bat  the  various  attempts  to  over- 
would  hardly  fail  to  lead,  first  to  the 
of  pointed  vaults  with  round  ones,  as  in  the  Rhenish 
churches,  aod  then  to  the  exclusive  use  of  the  pointed  form. 
Without  detailing  the  various  modes  in  which  this  might 
and  did  happen,  as  appears  from  the  various  interest 
ing  seen  in  those  buildings,*  we  may  observe  that, 
as  the          practical  attached  themselves  to  the 
aid  horizontal  portions  of  the  round  vaults,  nothiag 
be            natural  (in  an  age  unfettered  by  pedantic 
of               precedents)  than  to  get  rid  of 
parts  of  the  work,  by  beginning 
of  the           ts  if  it  were  meant  for  an  arch  of  wider 
m         the  two  curves  might  meet,  before  attaining-  the 
mm  dreaded  in  the  crown  of  the 

Tie                 had  their  vaults  with 

ribs,  i  c.,  the  rest  of 

the           »R€t  as  fiat             projecting 

tie  with 

the                      of               In  the  ;  but  they  did  not 

were  viz.,           the 

all  the  rest  of  the                 The 

to 

ami  (on  the  are 

*  -  Stain  cm  Cfentdim.' 
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made  deep  narrow^  they  gradually  converted  the  broad? 
shallow  Roman  band  into  a  deep  narrow  rib,  by  first  simplj 
diminishing1  Its  width  and  increasing  Its  projection  or  depth, 
then  chamfering 'the  edges  till  Its  section  became  a  semi- 
octagon,  (as  may  be  seen  In  the  newer  Romanesque  portions 
of  Winchester  transept,  but  not  in  the  older  portions,  which 
are  examples  of  the  Boman  manner,  unaltered. )  They  also 
the  two  edges  of  the  rib?  and  then  enlarged  these 
beads  till  the  whole  became  a  double  rdl  with  a  mere  fillet 
between  them,  whence  the  transition  is  easy  to  tlie  deeper 
more  variously  moulded  vault-ribs  of  the  Early  and 
Complete  Gothic. 

Bat,  meanwhile,  Important  improvements  were  made  in  the 
general  forms  of  the  vaulting,  till  a  new  principle,  very  differ 
ent  from  that  of  the  Romans,  was  established.  We  should 
ofo?erve  that  the  interpenetratioa  of  two  pointed  molts  (as 
well  as  of  two  ronad  onesj  could  only  produce  elliptical 
lines,  or  else  lines  of  doable  curvature,  (for  two  cylindrical 
can  intersect  in  no  plane  curve  except  an  ellipse,) 
yet  the  early  Gothic  architects  rarely  their  groin-ribs 

elliptical,         never  deviating  from  a  vertical  plane.     These 
were  pointed  arches  (of  circular  curvature, ) 

diagonally  across  the  to  be  groined  ;  and  the 

four  over  the          of  this  were  equally  simple, 

the  only  care  ai  these  have  their 

at  the  level.    The 

of    the    vanity  therefore, 

no  regular 

as  by 

rib  to  rib. 

TMs          is  n0 

rix  Imeiies  thick,  wMfe 

Of  the  «  «  a,  groin-rib*;  &  &  1  &  &  ft, 

.  ,,  ,         ,     .  or  aralsea  tlte 

0r 
The  of  the 
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made  their,  vault-mr/aces  geometrically  regular,  and  left  the 
groins  to  take  their  chance  ;  while  the  early  Freemasons 
made  their  groins  (i.  e.,  ribs)  geometrically  regular,  and  let 
the  intermediate  surfaces  take  their  chance.  This  was  a  vast 
improvement  both  in  construction  and  in  art ;  constructively, 
because  the  groins  are  really  the  supporters  of  the  whole 
work  ;  and  artistically,  because  the  eye  takes  cognizance 
of  lihes,  not  surfaces  ;  and  while  it  is  offended  by  the  double 
curvature  of  the  groins  in  Diocletian's  baths,  it  scarcely 
detects  the  winding  and  irregular  forms  of  the  Gothic  vault- 
surfaces. 

We  need  hardly  observe  that  these  winding  surfaces  were 
not  formed  of  cut  stone  but  of  stucco,  the  shell  itself  being 
merely  a  rubble-work  of  the  lightest  minerals  to  be  had,  or, 
in  this  country,  chalk.*  The  Byzantines,  long  before,  had 
diminished  the  thrust  of  their  domes  by  building  them  of 
pumice-stone,  hollow  bricks,  or  pots  (a  practice  revived  by 
that  excellent  master  of  construction,  Sir  J.  Soane)  ;  and  a 
similar  motive  led  to  the  adoptidn  of  the  material  called  by 
monkish  writers  tophus,  volcanic. 

'  The  English  masons,  who,  during  the  Romanesque  period, 
had  been  but  timid  followers  of  the  continental  ones,  be- 

*  This  economical  mode  of  vaulting  has  now  fallen  into  disuse  ;  but  it  was  ap 
plied  with  perfect  success,  in  1819,  in.  constructing  a  pointed  vault  of  the  simplest 
kind,  over  the  Romanesque  nave  of  Christchurch,  Hants,  the  d'agonal  span  being 
about  31  feet.  The  Gothic  masons,  however,  at  least  in  this  country,  seeoi  to  have 
feared  its  application  to  works  with  a  wider  groin- span  than  40  feet  ;  for  in  this 
manner  are  constructed  the  ceilings  of  all  the  English  cathedrals,  with  two  ex 
ceptions,  York  and  Winchester,  which  have  somewhat  wider  diagonal  spans  than 
the  rest.  The  nave  vaults  of  Winchester  are  entirely  of  cut  si  one,  like  those  of 
the  famous  chapels  at  Ely  and  Cambridge,  and  (without  the  frittered  panelling  of 
the  latter)  a^-e  not  inferior  in  beauty  and  extent  to  any  work  of  the  kind  ;  but  the 
choir  of  the  same  cathedral,  and  the  whole  of  York,  have  sham  vaults  of  wood 
and  plaster, — the  only  instances,  perhaps,  of  Gothic  deception.  At  present,  such 
deceptions  are  the  only  vaultings  made.  Their  uselessness  is  shown  by  the  two 
disastrous  fires  at  York  Minster,  now  said  to  be  '  restored,'  that  is,  prepared  for  a 
third  conflagration.  Many  other  cathedral  roofs  have  caught  fire,  hut  sustained 
hardly  any  damage,  all  supply  of  air  from  below  being  cut  off  by  the  fire-proqf 
c«ilmg.  The  duomo  at  Milan,  the  abbey  of  Batalha,  and  Eedcliffe  church,  Bristol, 
have  fire-proof  rooft  as  well  as  ceilings  ;  so  that  the  two  former  are  permanent, 
wndecaying  structures,  and  the  latter  would  "be  so,  but  for  the  .badness  of  iti 
•tone. 
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came,  during  the  Gothic  period,  their  masters',  and  construc 
ted  many  vaultings  which  for  beauty  and  geometric  perfec 
tion  have  no  parallel  abroad.  Indeed,  the  defect  of  the 
winding  surfaces,  though  carried  to  a  great  extent  in  the 
boldest  foreign  vaultings,  seems  to  have  been  hardly  tolera 
ted  in  England,— being  here  confined  to  the  earliest  works, 
as  Salisbury  cathedral.  In  the  next  step,  the  groin-ribs 
were  elliptical,  as  in  the  choir  of  the  Temple  church  ;  and 
hence,  when,  in  approaching  the  complete  Gothic,  intermedi 
ate  ribs  were  inserted  between  these  and  the  original  arches 
over  the  sides,  of  the  plan  (as  in  the  south  and  west  sides  of 
Westminster  abbey  cloisters,)  these  ribs  also  had  elliptical 
curvatures  different  from  those  of  the  groins,  in  order  that 
the  vault  of  cut  stone  built  upon  them  might  have  a  regular 
cylindrical  surface,  * 

It  was  well  observed,  however,  by  Ware,  that  "the  Ro 
mans,  the  Byzantine  Greeks,  the  Prewmisons,  and  the  mod 
era  bridge-builders,  successively  tried  the  ellipse" 

*  In,  thOHO  caHCH,  an  each  pair  of  ribs  that  " 
meet  at  a  point  not  over  the  centre  of  tlie 
plan,  form  a  fatniny  ««r/*,  tending1  to  fall  io- 
wardn  thc\  centre,  thto  tendency  lian  to  ho  ro- 
Bisted  by  a  ridffwib  extending  from  tho  cott- 
tro  to  tho  junction  of  the  last  pair  next  tho 
side  of  tho  plnn  ;  but  there  IB  no  roanon  for 
its  extending  quite  to  Uio  aldo  arch,  though  it 
usually  does  no  in  England.  In  tho  annexed 
figure,  the  ridgo-ribH  are  Hhown,  as  in  foreign 
e  Dimples,  cont  in ued  no  farther  than  is  neces 
sary.  In  Knglnnd,  Intorinwltnte  ribB  and 
ridge-rihw  appeared  5n  the  later  Early  Ji'ngltoh 
(awat  WeHtmiriHter,)  and  became  quite  gene 
ral  in  the  Mid-Gothic  (an  at  Kxoter,  Wiicoln, 
and  Litchfiold;)  but  abroad,  thewe  features  are 
con0ned  1o  the  declining  Gotlilo,— wot  ap- 
1  at  least  a  century  later  than  with 


. 

<he  wide  vuuH,  and  two 
on  the  narrow  vault.  Whichever  of 
ttuwo  nix  U«  imule  circuhir,  tho  re 
maining  (he  rotiHt  he  elliptical,  if  th* 
HUtfaoOH  arci  cylindrical. 
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ture,  and  rejected  it."  The  trial  which  the  Gothic  masons 
gave  it  was  exceedingly  short,  and  has  accordingly  escaped 
the  notice  of  many  inquirers ;  but  however  few  the 
examples  of  Early  English  elliptic  groining  may  be,  we  must 
not  pass  over  so  important  a  link  in  the  history  of  the  style. 

The  elliptic  groin-rib  seems  to  have  been  first  tried  a  short 
time  previous  to  the  invention  of  the  intermediate  or  iierccron 
ribs,*  and  to  have  been  abandoned  very  soon  after  that  in 
vention  ;  and  I  think  the  examples  containing  elliptic  curves 
will  be  found  to  present  generally  another  peculiarity,  viz., 
that  the  courses  of  the  masonry  all  run  horizontally  ;  while 
hi  both  the  preceding  and  succeeding  examples,  they  take, 
between  each  pair  of  ribs,  a  position  equally  inclined  to  the 
two  ribs  ;  so  that,  meeting  the  ridge-piece  obliquely,  they 
are  received  by  a  number  of  saw-like  teeth  cut  in  its  sides. 

Thus  the  abandonment  of  simple  circular  ribs  for  elliptic 
ones  was  an  improvement,  and  the  rejection  of  elliptic  for 
false  elliptic,  or  compound  circular  ones,  was  a  further  improve 
ment,  as  was  indeed  every  change  in  the  general  form  of 
vaults,  down  to  the  very  latest  examples,  but  it  was  other 
wise  with  their  decoration.  This,  like  the  decoration  of  all 
the  other  features,  attained  its  artistic  culminating  point 
during  the  fourteenth  century,  and  during  the  prevalence  of 
this  pseudo-elliptic  method  of  rib-drawing. 

In  the  formation  of  the  compound  circular  ribs,  three  con 
ditions  had  to  be  observed, — 1st,  that  the  change  from  one 
radius  to  another  should  be  effected  without  an  angle,  i.  e.t 

*  The  French  have  preserved  some  of  the  old  names  of  the  chief  vaulting;  fea 
tures,  among  which  tierGeron,  applied  to  an  intermediate  rib  between  the  groin 
and  the  side  of  the  compartment,  and  formeret  to  the  ribs  forming  or  enclosing 
each  main  compartment,  seem  useful.  In  England,  the  ridge-rib  preceded  the  tinr- 
ceron.  for  we  find  it  in  Sali-bury  chapter-house  and  the  chancel  and  transept  of 
Westminster  ;  while  the  tierceron  appears  only  in  the  nave  of  that  building  In 
both  she-e  exuraples,  a  refined  taste  led  to  making  the  ridge  feature  quite  different 
from  tbe  rib.s,  because,  being  not  a  support  but  a  pendent  load,  it  required  delicacy 
instead  of  strength,  and  therefore  consists  not  of  mouldings,  but  (at  Salisbury 
wholly .  and  at  Westminster  partly,)  of  undercut  foliage.  The  later  practice  of  ma 
king  it  represent  a  rib  is  a  falsebnd,  when  there  are  no  tiercerons  or  leaning 
arches  to  be  distended  by  it  Without  them  It  is  a  mere  ornament 
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tliat  llio  two  arcs  should  have  a  common  tangent  at  the 
point  where  this  change  occurs  ; — -2ndly,  thai  the  feet  of  all 
the  ribs  should  have  the  same  radius,  and,  in  faet,  be  exactly 
similar  up  to  the  level  at  which  they  completely  separate 
from  each  ether  ;  for  otherwise  this  separation  would  occur 
at  different  heights  between  different  ribs,  which  has  a  very 
bad  effect  ;*— JJrdly,  thai;  from  this  point  upwards  their  cur 
vatures  should  be  so  adjusted  as  to  make  them  all  meet  their 
fellows  at  the  same  horizontal  plane,  so  that  all  the  ridges 
of  the  vault  may  be  on  one,  level. f 

The  pseudo-elliptic  vaultings  are  more,  pleasing  than  the 
truly  elliptic  ones,  on  account;  of  the  greater  variety  arising 
from  the  plain  portions  not  forming  parts  of  ono  continued 
surface  j  so  that  no  rib  can  strictly  be  culled  a  swrfacfrrib, 
though  that  name  is  commonly  given  to  all  except  the  groins, 
ridge-ribs,  and  wall-ribs  or  fonnoretw  next  the  wall. 

But  the  geometrical  nieoty,  not  to  say  difficulty,  of  such 

*  ThiB  precaution  wan  wj,uftlly  miocHHiiry  In  tho  caw  <>r  tlni  olllpUo  rilw,  ami  is 
obhorvotl  moHt  accurately  in  tho  vaulting  oflljo  DWIH'B  Yard  t>a«sago  above  men- 
tionod,  which,  thoutfh  (simple,  i«  a  mont  Hplowlid  ptaftwof  nwhiloatural^omotry. 
In  thoolumny  (jontrlvanroH  prooodlnu  thin,  U>«  rlbH  Hprung  IVom  tho  capital,  not 
<mly  with  (UHVrcni  eurvalunw,  but  with  ditlWonl  iuolinntionH,  tho  cnotron  ofsomo 
or  all  I  icing  lower  than  the  Hpr'niRing.  Aflorwanln  this  WUH  not  ullowcMl,  A  condi- 
lion  wan  imported  flrnl,  tliat  ilicy  whould  all  spring  vwttt'<xttyt  aiuMhcn,  all  with 
<i$ualradU.  Tho  probUuriH  thu»  arwinp;,  rwutlorod  a  nlnglo  rib  u  work  of  more 
thought,  than  a  vrholtt  buildit\g,  to  many  tiiodom  archiloolH. 

f  WUon  they  aro  t\ob  at  *ho  «amo  lovol, 
either  tlvo  ridgon  nuint  have  a  domical  ri«e 
(an  hi  moat  i'oroign  GxamploH,)  wht«h  gives 
thorn  a  puHh  aKainnt  th©  ^nolowiiiK  archos,  as 
at  Ht.  Sophia,  and  i«  thoniforo  objoclionablo; 
oveko  the  lowor  vault,  if  it  liavo  a  level 
ridge,  will  at  HH  iniorncc'ion  wHli  tlui  nic 
of  the  hl^ier,  form  a  loaning  arch  (called  a 
Weis&avch,)  which  in  HupporUul  by  tharibs 
abovo  itH  vortox.  Thin  coiiNlruclIou  wa«  wot 
common  in  the  pure*  Oothic,  though  oxaitt- 
plos  occur  in  tho  boamiful  donunl  Mtclwtt  at 
Durham,  and  In  Winc.hcMlor  catluulrul  mv«  • 
in  the  latter  untu'tuwHarily,  for  tlio  Hido 
arches  ri«o  ati  high  IIH  thft  main  vault,  but 
their  ridgon  ^<w<vtjr/  towardH  it,— a  docl(h'<l 
defect,  as  it  can  HOB  them  lo  puHh  inwards  Wiaohestor  vaxtliiug  (bird'  H  eye  Y)* 
against  its  hauneluw  or  weakest  parta*  and  plan  of  one  conapartmoat,) 
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works,  led,  in  the  fifteenth  century,  to  a  simplification  of 
their  general  form,  yet  admitting  of  indefinite  increase  in  the 
decoration.  This  was  the  beautiful  invention  of  what  is 
called  fan-tracery  vaulting,  (Very  improperly,  for  a  fan-like 
arrangement  of  ribs  may  be,  and  often  is,  applied  to  the  sur 
face  of  any  kind  of  vault.) 


This  invention  might  prop 
erly  "be  termed  palm  vaulting, 
or  geometrically,  the  conoidal 
or  concavo-convex  vaulting. 
This  regularity  is  shown  in 
the  engraving,  where  it  will  be 
observed  that  the  portion  of 
vault  springing  from  each  pil 
lar  has  the  form  of  an  inverted 
concave-sided  pyramid,  its  hor 
izontal  section  at  every  level 
being  square  or  rectangular. 


Rectangular  Vaulung-pyramid 
a  a  a  a,  groin,  ribs, 
6  &  It,  formereta. 
o  c,  tiercerons 


This  improvement,  not  yet  develop 
ed  fully,  is  shown  in  these  engrav 
ings,  the  first  of.  which  is  a  view  of 
the  porch  of  St.  Sepulchre  New-at  , 
gate,  and  the  next  of  a  porch  at 
Guildhall, 

In  the  above  example  (St.  Sep 
ulchre)  it  will  be  observed  that  the 
ribs,  rising  all  to  an  equal  height, 
have  a  lozenge  of  flat  ceiling  iu  the 
centre  of  each  compartment,  and 


Hexagonal  V«uU ing-pyramid, 
imperfect  y  developed. 
St.  Sepulchre,  Newgate 
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this  space  would  be  larger  in 
the  more  perfect  development 
of  this  method.  Hence  on  a 
large  scale  it  is  necessary  that 
the  space  should  be  domed, 
and  this  is  most  consistently 
done  by  simply  continuing  the 
ribs  with  unaltered  curvature, 
till  they  meet  and  form  two 
ridges,  as  in  tbo  early  vault- 
ings,  with  this  difference,  that  here,  as  the  ribs  have  all  the 
same  radius  and  different  lengths,  they  must  all  rise  to  dif 
ferent  heights  before 
meeting,  so  that  the  ridg 
es  are  not  krel,  as  in  the 
early  vaulting,  but  grad 
ually  descend  every  way 
from  the  centre  point, 
which  ia  the  highest  in 
the  vault.  These  arches, 
described  from  four  cen 
tres,  SOOn  found  their  Way  OonoWal-vaultlnpf,  Kin^H  Collide  diapel,  Cam-, 
bvidfco,  (HkoUvtou  ISwoB  of  «n«  compartment.) 

from  the  vaulting  into  all 

other  parts  of  the  building,  and  became  a  distinctive  style 

called  Tudor. 

The  Tudor,  or  four  centred  arch,  is  not  necessarily  flat  or 
depressed.  Its  chief  advantages  are,  that  it  can  be  made 
of  any  proportion,  high  or  low,  and  always  with  a  decided 
angle  at  the  vortex  ;  whereas,  the  common  Gothic  must  al* 
ways  be  of  a  higher  proportion  than  a  semi-circle. 

From  this  style  arose  the- "depressed  Tudor,"  with  the 
aspiring  Hues  of  the  Gothic,  and  the  peculiarities  of  the 
Tudor. 

The  essential  parts  of  one  quarter  of  a  compartment  are 
shown  towards  the  left  hand  of  the  accompanying  figure.  It 
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will  be  seen 
-that  the 
whole  rests 
on  the  great 
arch  a  a,  di 
viding  one 
compart- 

ment  from  another.  This  is  of  the  two- 
centred  form,  but  if  the  vaulted  conoids 
had  been  made  to  follow  its  curvature, 
and  spring  with  it  from  the  same  ori 
gin,  they  would  obviously  so  intersect  as  to  leave  for  the 
clerestory  window  nothing  but  the  small,  inconvenient,  lan 
cet-formed  space,  shown  by  the  dotted  lines  at  b.  To  gain 
height  and  space,  therefore,  for  these  windows,  the  main  co 
noids  are  made  to  spring,  not  from  the  foot  of  the  arch  a>, 
but  from  a  point  c,  about  half-way  up  its  curve  ;  and  the 
ribs  diverging  thence  in  every  direction,  form,  of  course,  not 
merely  half  but  entire  conoids  and  it  is  no  small  advantage 
that  the  lateral  thrusts  of  all  these  ribs  destroy  each  other  : 
but  their  downward  pressure,  embracing  the  collected  weight 
of  nearly  the  whole  ceiling,  concentrated  on  the  two  points 
c  c  of  each  arch,  is  a  serious  defect  with  the  present  form  of 
arch,  for  it  properly  demands  an  arch  with  cusps  at  c  c,  as 
well  as  at  the  vortex  ;  and  though  the  three-pointed  arch  thus 
formed  might  be  unpleasing  in  ordinary  situations,  it  would 
be  beautiful  here,  because  statically  correct.*  It  might 
have  been  obtained  without  interfering  with  the  general  de 
sign,  either  by  bringing  up  a  highly  inclined  rib  from  some 

*  This  property  of  arches  (by  which  each  pressure  concentrated  on  a  point  calla 
for  a  cusp  at  that  point,  and  each  cusp  calls  for  a  concentration  of  pressure  on  it.) 
may  he  shown  by  the  catenary,  which  becomes  an  inverted 
•Gothic  arch,  whenever  a  weight  is  suspended  from  one  lint. 
Hooke's  discovery,  "  ut  pendet  continuum  flexile,  sic  stabit 
oontiguum  rigidum  inversum,"  is  a  motto  never  to  be  forgotten 
in  Gothic  building.  A  French  street  lamp,  or  a  spider's  web, 
may  thus  teach  the  architect  important  lessons  ;  and  perhaps 
the  equilibrium  of  some  of  the  boldest  vaultings  was  insured  by 
experiments  on  systems  of  chains  representing  the  ribs  inverted. 
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point  below  g,  to  give  additional  support  to  the  point  •;,  or 
else  by  throwing  a  flat  arch  across  from  c  to  c,  whoso  lateral 
thrust,  by  combining  with  the  downward  pressure  on  these 
points,  would  turn  the  resultant  more  aside,  into  the  body 
of  the  rib  i, 

The  variety  of  curvature  in  compound  arches  often  gives 
them  a  neculiar  grace  *  But  the  "  depressed  "  Tudor  arch 
is  not  si,  wvmwty  iuluuxct  to  eonoklal  vaulting,  and  the  gor 
geous  chapel  of  Henry  VII.  presents  UH  (if  we  can  look 
through  the  disguise  of  meretricious  ornament)  with  a  noble 
attempt  to  combine  the  advantages  of  this  vaulting  with  the 
aspiring  expression  and  small  lateral  thrust  of  the  high  two- 
centred  arcli.f  The  singularly  complex  vaulting  over  the 
clerestory  of  this  chapel,  seldom  rightly  understood,  becomes, 
when  divested  of  its  inessential  parts,  quite  intelligible,  if  wo 
remember  the  architect's  object,  to  combine  the  most  recent 
constructive  science  with  the  artistic  expression  of  an  earlier 
style,  and  this  in  the  face  of  a  great  difficulty,  arising  from 
the  unusually  oblong  plan  of  the  compartment  ( nearly  thrice 
as  long  as  its  breadth),  which,  if  treated  by  the  Cambridge 
method,  would  have  required  an  exceedingly  depressed  arch, 
hardly  practicable,  or  at  least,  by  its  groat  lateral  thrust, 
requiring  most  clumsy  expedients  on  the  outside  for  its 
abutments. 

*  The  three  following  points  should  be  attended  to  in 
these  archftH  : 

1.  Their  effect  mainly  depends  on  the  angular  extent 
of  the  lowcjr  curve,  which,  in  good  oxamploH  is  riot 
more  than  66°,  nor  IOHS  than  45°. 

2.  The  radluR  of  the  upper  curve  varies  from  twiM 
to  more  than  *to  Mma«  the  radius  of  the  lower  ;  hut 
generally  speaking,  the  greater  their  disproportion, 
the  more  obvious,  and  therefore  the  less  pleasing  is 
the  sudden  ehangi  <"•<  cat-maw 

4,  *  WM  *  y  "X  *iw«»  s*nt  nit  *  yfcnaral)  rule  to 
pxace  tne  lower  centres  V6rt**Hj  x?,»o«r  the  upper  and 
opposite  ones  thus  :  Four-centred  arch. 

f  Since  writing  this,  1  hay©  seen  two  other  examples  of  this  most  refined  vanlt- 
work,  in  the  Cathedral  and  Divinity  School  at  Oxford.  They  are  all  three  nearly 
contemporary,  so  that  the  priority  of  the  invention  may  he  doubtful 
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But  to  return,  the  conoids  springing  from  c  c  would  suffice 
to  cover  the  whole  plan,  but  the  semi-arches  formed  between 
them  and  the  wall  would  have  been  far  from  pleasing,  besides* 
exerting  a  push  against  the  top  of  the  wall,  where  it  could 
not  be  conveniently  resisted  (because  not  collected  into  a 
single  resultant.^  The  conoids  are  therefore  opposed  by 
corresponding  half-conoids  springing  from  between  the 
window-heads  at  e,  and  to  meet  their  outward  thrust,  an 
additional  range  of  flying  buttresses  is  provided,  above  the 
common  or  lower  range,  which  take  the  thrust  of  the  arches 
a.  The  two  flying  buttresses  are  distinct,  though  connected 
by  a  web  of  open  tracery,  which  also  nils  the  space  A  A. 

So  far,  If  the  constructive  principles  of  this  ceiling  had 
been  displayed,  instead  of  disguised,  it  would  (whether  much 
or  little  ornamented)  have  been  as  much  admired,  and  per 
haps  imitated,  as  it  has  actually  been  wondered  at  and  con 
demned.  But  the  disguise  may  be  thus  accounted  for :  as 
the  ribs  of  the  conoids  and  half-conoids  do  not  spring  verti 
cally  from  their  origins  at  c  and  e,  their  intersection  would 
form  a  segmental  arch  (with  angles  at  its  springing) ;  but 
this  not  being  a  graceful  form  of  window-head,  its  angles  are 
rounded  off,  and  to  correspond  with  this  and  leave  no  portion 
of  the  wall  unoccupied,  the  half-conoids  are  prolonged  down 
wards  into  the  form  shown  in  dots  at  e.  But  uniformity  was 
carried  too  far  in  making  the  main  conoids,  c,  assume  the 
same  form,  for  this  gives  them  ("as  shown  at  c)  the  air  of 
huge  pendents,  for  which,  indeed,  they  are  often  mistaken.* 
It  is  needless  to  say  that  the  only  real  pendents  are  those 
hanging  from  the  centre  of  each  compartment,  as  from  d; 

*  Another  unfortunate  disguise  arises  from,  the  foliation  applied  to  the  rib  a, 
which  reduces  that  important  member  to  apparent  insignificance.  Where  strength 
is  required,  it  should  not  only  exist,  but  appear.  Bold  and  simple  mouldings 
should  have  sufficed  for  the  decoration  of  th*1  main  stem,  which  80  beautifully, 
like  the  leaf-stalk  of  the  fan-palm,  supports  its  spreading  burden,  from  which  the 
artist  might  aLw  have  learned  the  necessity  of  an  angular  bend  at  c.  The  pliancy 
of  the  vegetable  structure  and  the  brittle  rigidity  of  the  stone  do  not,  in  this  re- 
Bpeet,  lead  to  different  constructive  principles,  since  the  t&nd&n&y  in  the  former 
and  the  aim  in  the  latter,  are  alike — to  avoid  all  but  conipr&toile  forces. 
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and  those,  which  occur  also  in  the  same  situation  in  the 
aisles  of  this  building,  at  St.  George's  chapel,  Windsor,  and 
in  many  foreign  buildings  of  an  earlier  date,  are  not,  as 
many  suppose,  useless  excrescences :  they  serve,  like  the 
ridge-ribs  and  bosses  of  a  purer  style,  to  supply  that  load  on 
the  vortex  which  the  equilibrium  of  the  pointed  arch  not 
only  admits,  but  requires.  The  abuse  of  these  members 
arose  when  they  were  formed  into  the  semblance  of  ribbed 
and  paneled  conoids,— features  of  support,  apparently 
pointing  to  (and  therefore  demandingj  supports  from  below. 

II.  O'ii  ih\  general  J^/M.— Before  proceeding  to  examine 
the  other  parts  of  the  Gothic  system,  it  is  necessary  to  glance 
at  the  peculiarities  of  its  buildings  in  general  plan  and  out 
line.  These,  though  all  derived  from  the  well-known  basilica, 
will  be  found  to  present  many  differences  rather  depending 
on  ylacc,  than  time.  There  have  been  plans  peculiar  to  cer 
tain  countries  and  even  provinces ;  and  these  peculiarities- 
seem  to  have  maintained  their  ground  for  centuries,  unaf 
fected  by  the  changes  in  decorative  style.  Thus  the  churches- 
with  two  chancels,  and  those  with  a  transept  near  each  end, 
are  peculiar  to  Germany  ;  those  with  two  transepts  near  the 
centre,  to  .England  ;  and  double  or  dipteral  aisles  are  a 
southern  feature  hardly  to  be  found  north  of  .Paris.  So  also 
the  apse,  (i.  c,.,  semi-circular  or  semi-polygonal  termination ,) 
which  was  always  universal,  or  very  nearly  so,  on  the  Con 
tinent,  is  rather  an  exception  than  a  rule  in  England ;  while 
the  central  tower  or  lantern,  so  generally  and  largely 
developed  in  England  and  Normandy,  hardly  occurs  in  the 
rest  of  Franco.  Towers  detached  from  the  church  are 
almost  confined  to  Italy;  and  pairs  of  towers  in  the  reutrant 
angles  (a  very  beautiful  feature  common  over  eastern 
Europe)  hardly  advanced  west  of  the  Llhlno. 

Some  Eastern  peculiarities  of  form,  as  the  square  and 
short  cross  plans,  were  introduced  by  Greeks  into  the 
Adriatic  side  of  Italy,  but  spread  no  further,  because  the- 
Romish  ritual  involving  processions  required  lengthy 
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churches,  avenues,  and  aisles.  No  such  reasons,  however, 
can  be  given  for  the  other  local  peculiarities  of  plan,  which 
must  be  referred  to  the  peculiar  tastes  of  different  nations. 

The  inventive  fancy  of  the  Germans  seems  to  have  led 
them  to  try,  during  the  Romanesque  period,  every  possible 
combination  of  form  consistent  with  great  length  and  the 
cruciform  plan  ;  or  else  the  durability  of  their  stone  has 
preserved  to  us  a  greater  number  of  these  early  experiments 
in  Germany  than  elsewhere.  Several  of  the  oldest  churches 
of  Cologne,  (St.  Mary  in  the  Capitol,  St.  Martin,  and  the 
Apostelnktrche, )  as  also  St.  Quirin,  at  Neuss,  and  the  noble 
early  pointed  church  at  Marburg,  present  a  plan  which, 
though  classed  among  Latin  crosses,  seems  to  form  a  link 
between  them  and  the  Greek.  The  latter  term  is  applied  to 
a  cross  with  all  its  limbs  nearly  equal,  and  generally  very 
short,  while  the  form  now  spoken  of  has  three  limbs  equal 
and  similar ;  but  the  fourth,  which  forms  the  entrance,  is 
considerably  lengthened.*  This  form  is  exceedingly  uncom 
mon  away  from  Cologne,  though  it  is  the  plan  of  the  two 
greatest  cathedrals  of  Italy,  (that  at  Florence  and  the  mod- 

*  All  lengthy  crosses  are  called  Latin.  There  are  several  varieties  arising  from 
the  graduallengthenmg  of  the  eastern  or  chancel  limb,  -which,  from  being  at  first 
the  shortest,  became  at  length  in  some  English  examples  the  longest.  We 
may  distinguish — 1st,  The  original  Latin  cross,  resembling  a  crucifix,  the  limb  of 
entrance  being  the  longest,  and  that  opposite  the  entrance  the  shortest.  The 
grandest  example  is  the  cathedral  of  Pisa,  and  this  is  also  the  form  of  the  cforew- 
tcry  in  the  ancient  basilicas  ;  but  their  numerous  aisles  fill  out  the  nave  to  an 
equal  breadth  with  the  transept,  thus  obliterating  all  cruciform  appearance  in  the 
ground  plan.  The  second  kind  of  Latin  cross  is  that  described  above,  formed  by 
lengthen*  g  the  chancel,  and  making  both  it  and  the  northern  and  southern  arms 
all  similar.  Sdly,  The  beautiful  symmetry  of  this  plan  was  destroyed  by  still  fur 
ther  lengthening  the  eastern  limb,  though  still  keeping  it  shorter  than  the  nave. 
Examples  are  abundant  in  every  country :  the  greatest  are  Milan  and  Rheims ; 
ia  England,  Ely  and  Norwich.  4thly,  The  symmetry  was  restored  by  making 
the  eastern  and  western  arms  equal,  as  at  Amiens  and  Salisbury,  the  spires 
tvf  which  are  in.  the  centres  of  their  length  as  well  as  breadth.  This  is  the 
commonest  Gothic  form,  but  its  symmetry  of  plan  does  »ot  appear  in  the  side 
view,  because  of  the  low  chapels  forming  the  east  end.  The  continuation  of  the 
clerestory  to  the  extreme  end  seems  peculiar  to  England,  and  is  very  rare  in  large 
oaildmgs  :  My,  Lincoln,  and  York  cathedrals  are  examples,  but  at  the  latter  th* 
eastern  limb  is  rather  longer  than  the  western — a  defect  common  in  the  En^isli 
double-cross  churches 
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era  Vatican  J  having  arisen  in  the  latter  case  from  the  acWi- 
tion  of  a  long  nave  to  what  was  originally  intended  to  be  a 
Greek  cross.  In  all  these  eases  the  three  short  limbs  are 
either  terminated  by,  or  wholly  consist  of,  three  apses. 

Many  of  the  Romanesque  churches  of  the  Rhine  present 
an  extension  of  this  plan  by  forming'  a  cross  of  this  kind,  at 
each  end  of  a  long  nave,  of  which  the  finest  example  is 
the  Apostelnkirche.  Houco  arose  the  German  double 
cross,  very  different  from  the  English,  and  resembling 
rather  this  figure,  J.  The  two  transepts,  however,  were 
never  alike  :  one  of  them,  generally  the  western,  has  square 
ends  instead  of  apses  ;  frequently  both  are  square-ended,  but 
the  extreme  ends  of  the  building  were  in  many  cases,  as  at 
MeiitH,  both  apsidal,  forming  two  chancels,  and  admiting  of 
no  entrance  in  the  axis  of  the  building,  but  only  in  its  sides, 
(as  at  Worms  and  Oppenheim,)  or  on  each  side  of  the 
western  apse,  (as  at  the  very  curious  abbey  of  Laach.) 

In  later  buildings  the  western  apse  was  omitted,  but  the 
eastern  always  retained,  and  occasionally  it  was  Hanked  by 
two  minor  apses  projecting  from  the  eastern  sides  of  the 
transept  arms.  This  arrangement  occurs  in  Franco  at  'Rouen 
cathedral,  and  in  England  at  llomsoy,  Hants ;  but  in  Ger 
many  it  seems  common,  the  best  known  examples  being 
Laach,  Andernacb,  and  Gelnhausen.  In  the  latter,  the  side 
apses  are -carried  up  to  form  towers.  This  triapsal  plan,  far 
inferior  in  beauty  to  that  above  described  in  the  Cologne 
churches,  arose  from  the  then  newly-introduced  custom  of 
orwiiiat,wn,  or  placing  every  altar  against  an  eastern  wall ; 
whence  also  the  practice  of  giving  transepts  an  aisle  on  their 
east  side  only,  destroying  the  symmetry  of  their  end  facades, 
as  at  Salisbury. 

Sometimes  a  transept  projected  so  little  as  to  appear  only 
in  the  clerestory,  and  not  to  affect  the  ground  plan,  as  is  the 
case  with  the  lesser  transept  at  the  abbey  of  Heiatorbach, 
and  the  only  one  at  Freiburg  minster,  both  of  the  Transition 
or  earliest  Pointed  period.  Both  of  these  transepts,  how* 
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ever,  are  lower  than  the  clerestory,  though  higher  than  the 
aisles,  which  is  a  great  detriment  to  the  unity  of  the  build 
ing.  The  transept  of  Notre-Dame  at  Paris,  and  the  lessei 
one  at  York,  are  of  the  same  kind,  but,  being  as  high  as  the 
main  building,  are  free  from  this  objection. 

The  German  Romanesque  churches  are  not  more  remark 
able  for  these  varieties  of  plan,  than  for  similar  complexities 
of  outline  produced  by  their  numerous  towers,  amounting  in 
some  cases  to  six,  and  at  the  small  cathedral  of  Limburg  to 
mm  The  crossing  of  each  transept  had  usually  a  low 
square  tower  concealed  by  the  roofs  ;  four  arches  thrown 
across  the  angles  of  this,  served  to  support  the  oblique  walls 
of  an  octagonal  lantern  rising  above  the  roofs,  and  terminat 
ing  internally  by  a  cupola,  externally  by  a  pyramidal  roof, 
pitched  at  an  angle  of  60°,  or  more.  The  western  tower, 
however,  (whether  placed  over  the  crossing  of  the  west 
transept,  or  at  the  extreme  west  end,)  was  usually  without 
an  octagon,  and  ended  in  a  square  pyramidal  roof,  the  sides 
of  which  correspond  to  the  angles  of  the  tower,  and,  by 
intersecting  its  sides,  form  four  high-pitched  gables.  This 
form  of  tower-roof  is  a  striking  characteristic  of  the  older 
German  churches.* 

Small  towers  or  turrets  were  placed  in  pairs,  first,  near 
the  east  end  only,  as  at  the  Apostelnkirche  ;  then  near  both 
ends,  as  at  Speyer,  Mentz,  and  Laach  ;  and  finally,  at  the 
west  only,  as  in  most  Gothic  churches,  where  they  assume 
greater  importance,  and  become  (at  least  on  the  Continent) 
the  principal  towers  both  for  size  and  height.  When  there 
were  two  towers  at  each  end,  the  two  pairs  were  always 
varied  in  form,  height,  and  distance  asunder.  Thus,  at 
Laach,  the  octagonal  eastern  lantern  is  flanked  by  square 
towers,  and  the  square,  western  one  by  octagonal  towers:  the 
latter  are  placed  as  far  apart  as  possible,  viz.,  at  the  ex- 

*  According  to  some  engravings  it  seems  to  be  in  some1  cases  octagonal,  with  an 
angle  over  each  angle  of  the  square  tower,  but  thfiy  ure  often  unintelligible  ot 
irreconcilable.  Even  in  Mollw's  fine  work  there  ate  discrepancies  in  this  respect 
(See  his  Plates  of  Limburg  cathedral) 
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trcmities  of  the  western  transept,  while  the  former  are  as 
near  as  possible,  viz.,  in  the  eastern  rentrant  angles — a  posi 
tion  common  in  the  oldest  German  buildings,  and  which 
gives  to  the  eastern  view  of  the  Apostolnkirche  a  Byzantine 
and  almost  mosque-like  character.  Ail  these  towers  termi 
nate  in  pyramids  or  spires. 

The  seven  towers  of  Limburg  consist  of  a  central  octagon 
and  spire,  two  large  square  western  towers,  with  gable  pyra 
mids,*  and  four  slender  ones  of  the  same  kind,  at  the  extreme 
corners  of  the  transept, — a  rather  unusual  position.  Such 
towers,  however,  occur  in  the  great  Gothic  cathedrals  of 
lloueu  and  Rheims  ;f  and  there  is  good  evidence  that  they 
formerly  existed  in  the  Saxon  transept  ends  of  Winchester, 
but  were  removed  probably  in  the  alterations  of  1019. 
Historic  mention  is  made  of  a  tower  or  towers,  also  at  the 
east  end  of  that,  immense  Romanesque  pile,  which  must  have 
been  hardly  inferior  to  that  of  Spcyer, 

There  are  also  instances  of  pairs  of  towers  so  attached  on 
each  side  of  the  church  as  to  form  themselves  a  transept. 
This  occurs  sometimes  at  the  west  front  in  all  countries,  as  at 
Rouen  cathedral,  Lincoln,  and  Wells.  Again,  two  buildings 
on  the  extreme  confines  of  the  Gothic  sway,J  perhaps  the 
easternmost  and  westernmost  examples  of  pure  Gothic,  agree 
in  one  great  peculiarity.  Exeter  and  Vienna  present  instances 
of  the  only  transept  being  formed  by  two  towers  built  against 
the  sides  of  the  church. 

*  A  convenient  name  for  the  form  of  roof  above  described, 

f  These  towers  possess,  both  at  Rouen  and  Rheims,  a  peculiar  and  rather  elegaxit 
character.  Thoy  rise,  no  higher  than  Iho  main  roof,  are  less  ornate  than  the  rest 
of  the  building,  and  liavo  each  face  occupied  by  one  lofty  unglazod  window,  o* 
open  arch,  divided  into  two  lights  by  a  very  slander  shaft. 

$  The  geographical  range  of  the  Gothic  stylo  cannot  b©  very  exactly  defined, 
ow'mr  to  the  habit-  whHi  eastern  travelers  have,  of  calling?  everything  that  can 
tain*  a  pointed  arch,  Gothic.  Ifc  aaftmH,  however,  to  extend  as  far  8.  «.,  as  Corfu, 
or  perhaps  Rhodes,  and  N.  w,,  to  Ireland  ;  N,  K ,  to  tho  Baltic  Isle  of  Gottland,  and 
s.  w.,  to  tho  oceanic  tola  of  Madeira,  where  tho  extravagantly  debased  niches  of  the 
cathedral  of  Funchnl  furnish  (in  tho  first  modern  colony)  the  last  expiring  effort 
of  mediaeval  art :  geographically  placed  between  two  world®,  it  seoias  Etly  to  stand 
between  two  historical  epochs. 

20 
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The  Gothic  buildings  of  France,  though  more  magnificent, 

present  le-s  variety  oi  form,  and  far  less  external  beauty, 
tlia.li  those  of  cither  Germany  or  England.    Their  compari* 

ton  "With  the  latter  skcms  some  great  differences  in  genera! 
design,  which  we  will  endeavor  to  trace. 

The  year  1219  Is  remarkable  for  the  foundation  of  two 
cathedrals  of  the  largest  class,  one  in  France  the  other  in 
England — Amiens  cathedral  and  Salisbury  cathedral ;  one 
French  Gothic,  the  other  English.  Our  limits  forbid  a 
fomparkon  of  their  respective  merits. 

We  should  observe,  that  the  churches  of  Normandy  (espe 
cially  the  three  magnificent  ones  at  Rouen)  approach  the 
EngLsh  rather  than  the  French  type.  They  exhibit  their 
Inigthy  proportions,  (every  other  dimension  seeming  sacrificed 
to  lineal  extent,  j  their  strongly  marked  transept  and  outer 
buttresses,  and  their  great  central  feature  predominating  o^  er 
the  western  towers,  which  in  France  were  generally  the 
principal  ones.  Xormandy  seems  always  to  have  formed 
architecturally  an  English  province  ;  and  the  observer  who 
goes  from  Westminster  to  Rouen,  goes  from  a  French  build 
ing  to  English  ones. 

The  greater  proportion  of  height  to  breadth  in  the  French 
Gothic  avenues  is  not  a  general  feature  ;  the  great  majority 
of  such  vistas,  in  all  countries  alike,  having  the  height  equal 
to  twice  the  breadth.  A  higher  proportion  is  confined  to 
buildings  of  the  largest  class  ;  for  the  larger  they  are,  the 
greater  may  this  proportion  be  without  appearing  excessive, 

It  might  be  supposed  that  the  introduction  of  arching,  by 
enabling  wider  spaces  to  be  covered  than  by  lintels,  while  at 
the  same  time  it  required  more  extent  of  abutment  (for  the 
same  width  of  span),  the  higher  it  was  raised  above  the 
ground  would  for  both  these  reasons  have  led  to  openings  of 
a  lower  and  wider  proportion,  both  in  windows,  arches, 
jwenues,  and  entire  buildings.  But  this  was  not  the  case,  at 
least  not  m  ecclesiastical  buildings,  the  designers  of  which 
continued  to  be  fully  alive  to  the  majesty  of  tall  proportions, 
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even  when  obtained  at  the  expense  of  space  and  convenience  ; 
and  they  never,  till  the  latest  period  of  the  style,  admitted 
archways  for  any  purpose,  great  or  small,  lower  than  twice 
their  breadth  This  was  also  the  proportion  given  to  single 
openings  by  the  classical  ancients,  not  only  in  doors  and 
windows,  but  in  dlstyle  porticoes  (as  those  of  the  Tower  of 
the  Winds.)  But  it  seems  to  have  often  escaped  notice,  that 
in  both  systems  the  placing  of  several  openings  side  by  side 
(at  least  externally)  renders  a  taller  form  necessary,  and  this 
in  proportion  to  their  number.  A  tetrastyle  portico  formed 
simply  by  the  extension  of  the  distylc,  would  be  low  and 
squat  ;  it  requires  to  be  nearly  square  in  its  general  outline, 
i,  e.,  the  height  of  its  openings  must  be  about  thrice  their 
breadth.  A  hexastylc  portico  requires  the  columns  to  be 
placed  still  nearer  than  a  tetrastyle,  as  appears  plainly  from 
comparing  the  two  porticoes  of  the  Erechtheum.  But  two 
columns  taken  out  from  either  *  of  these,  especially  the 
hexastyle,  would  be  quite  inapplicable  as  a  distyle  porch, 
the  opening  being  much  too  narrow.  The  prevailing  faults 
of  the  English  Gothic  is  lowaesB  of  proportion. 

The  whole  internal  portions  of  Amieua  are  so  admirable, 
that  this  model  was  closely  followed  in  two  other  immense 
edilices,  each  intended  to  have  exceeded  every  human  work, 
but,  after  centuries  of  labor,  left  not  half  complete.  Beau- 
vais  remains  a  choir  and  transept  only  ;  Cologne  a  mere 
choir.  The  first  of  these  glorious  fragments,  while  preserv 
ing  the.  proportions  of  its  model  very  exactly,  exceeds  it  in 
scale  by  about  one-Hixth  :  while  Cologne  would  have  been, 
internally,  almost  a  copy  of  Amiens,  all  the  modular  dimen 
sions  differing  only  by  a  few  inches,  The  German  cathedral, 
however,  besides  the  advantage  of  a  more  complete  style, 
would  have  had  a  strongly  marked  transept,  advancing  four 
equal  compartments  each  way,  a  stone  central  tower  and 
pyramid  of  a  breadth  proportioned  to  the  building,  and  two 
colossal  western  towers  and  spires  as  high  as  its  whole 
length,  and  so  adjusted  that  a  straight  line  might  be  drawn 
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from  their  summit,  touching  that  of  the  central  lantern  and 
of  the  east  end.  This  building,  if  completed  exactly  accord 
ing  to  the  design,  would  certainly  eclipse  all  others  of  every 
age,  country  and  style. 

The  cluomo  of  Milan,  the  greatest  completed  Gothic  struc 
ture  ot  Italy  or  perhaps  the  world,  also  closely  follows 
Amiens,  both  in  proportions  and  scale,  the  chief  alteration 
being  that  of  placing  the  transept  nearer  the  eastern  than 
the  western  end. 

The  buttress-chapels  (or  else  double  aisles)  of  the  conti 
nental  churches  called  for  peculiar  modes  of  roofing.  Instead 
of  one  longitudinal  lean-to  or  semi-roof,  there  is  commonly  a 
separate  and  complete  roof  over  each  compartment,  but  ex 
tending  transversely  over  both  the  inner  and  outer  aisle,  and 
terminating  both  ways  in  hips.  Such  is  the  case  at  Cologne, 
and  at  the  nave  and  apsis  of  Amiens,  but  in  the  choir  they 
terminate  outwardly  in  gables, — an  arrangement  which 
seems  more  consistent  than  any  other  with  the  Gothic  prin 
ciples.  The  superb  church  of  St.  Riequier,  near  Abbeville, 
presents  a  singular  modification  of  this.  Instead  of  each 
roof  covering  a  compartment,  it  covers  two  half-compart 
ments,  making  a  gable  over  each  buttress,  and  a  gutter  over 
each  window. 

As  these  modes  of  aisle-roofing  do  not  abut  against  the 
central  building,  they  do  not  necessarily  lead  to  a  triforium  ; 
and  the  clerestory  windows  might  be  continued  quite  down 
to  the  cornice  over  the  aisle  arches.  Such  is,  in  fact,  the 
case  ;  but  the  architects,  wishing  to  retain  a  kind  of  trifori 
um,  formed  the  lower  part  of  these  windows  into  a  very  nar 
row  one,  not  lighted  from  within,  as  with  us,  but  admitting 
light  from  without.  These  galleries  are  formed,  as  it  were, 
in  the  thickness  of  the  wall, — if  that  can  be  called  a  wall 
which  consists  only  of  two  fairy-like  arcades, — the  outer 
glazed,  the  inner  left  open.  The  shafts  of  both  are  of  the 
utmost  slenderness,  having  nothing  to  support  but  the  walk 
above,  open  to  the  exterior,  and  the  glass  of  the  clerestory 
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window  ;  and  hence  there  is  no  wide  areli  spanning  the  whole 
compartment,  or  at  least  half  of  it,  as  in  English  triforia, 
While  the  Uiwl  triforiura  at  Abbeville,  with  tracery  and  par 
apets  varied  in  each  compartment,  is  exquisitely  beautiful, 
these  luminous  triforia  at  Cologne,  Amiens,  Bcauvais,  and 
St.  Ouen,  by  admitting  light  where  we  commonly  see  solid 
wall  or  dark  openings,  produce  an  effect  our  Gothic  never 
reached. 

Dr.  Moller  observes,  that  the  Gothic  churches  of  Hesse 
are  mostly  without  clerestories,  but  docs  not  say  whether 
their  outer  roofs  all  resemble  that  at  Marburg, — an  interest 
ing  question,  as  this  kind  of  building  (which  has  its  own  pe 
culiar  style  of  beauty,  and  is  well  adapted  to  modern  wants) 
is  very  varioii&ly  roofed  in  different  countries.  At  Vienna, 
one  enormous  high-pitched  roof  covers  all  three  avenues,  and 
gives  the  form  of  a  barn,  with  more  roof  than  wall  At  the 
east  end  of  Salisbury,  a  similar  roof,  but  with  a  moderate 
pitch,  below  45°,  is  skillfully  adjusted  at  the  end  to  fit  three 
acute  gables, — an  example  well  worthy  of  modern  imitation. 
The  more  general  English  method  was  by  three  distinct  lon 
gitudinal  roofs,  (as  at  the  Temple  church,)  leaving  the  inter 
mediate  gutters  to  be  choked  by  every  fall  of  snow.  At  Mar 
burg,  the  aisles  are  covered  by  transverse  roofs  over  each  com 
partment,  originally  (now  over  each  pair)  proceeding  from 
the  central  roof,  and  terminating  outwardly  hi  hips. 

In  the  foreign  dipteral  churches,  whether  with  the  outer 
aisles  open  or  divided  into  buttress-chapels,  these  parts  were 
commonly  of  the  same  height  with  the  inner  aisles.  Milan 
and  Bcauvais  present  exceptions  to  this.  They'  have  what 
may  be  called  a  double  clerestory,  the  inner  aisles  rising  above 
the  outer  aisles  or  chapels,  and  having  windows  above  them. 
At  Milan,  the  outer  aisles  are  so  disproportionately  high, 
that  these  two  clerestories,  which  are  exactly  equal  and 
similar,  are  reduced  to  a  very  poor  altitude  ;  and  the  com 
partments  being  very  broad,  the  vaulting  leaves  room  in  each 
case  for  only  a  very  small  window  under  its  crown,  i.  en  in 
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the  centre  of  each  wide  compartment.  Thus  these  two  tiers 
of  thinly-scattered  holes  admit  only  just  light  enough  to 
destroy  the  unity  of  a  building  with  five  avenues  of  equal 
height ;  and  this  famous  duorno  has  neither  the  beauty  of 
the  common  Grothic  nor  of  the  Hessian  arrangement,  but  the 
disadvantages  of  both,  with  neither  the  airy  clerestory  nor 
the  palm-like  combination  of  pillar  and  out-branching  vault- 
ribs,  which  is  peculiar  to  buildings  without  clerestories.  But 
how  differently  is  this  managed  at  Beauvais,  which,  though 
the  loftiest  apartment  ever  built,  is  yet  made  by  its  numerous 
stories,  and  their  skilfully-contrasted  inequalities,  to  appear 
both  inwardly  and  outwardly  loftier  than  it  really  is.  For 
within  we  find,  first,  the  enclosure  walls  of  the  outer  chapels, 
then  their  lofty  windows  ;  above  their  vaulting  a  small  blank 
triforium,  and  then  the  moderate-sized  aisle  windows  ;  again, 
(above  the  aisle  vaulting,)  the  great  transparent  triforium, 
and  then  the  immense  clerestory,  with  windows  longer  even 
than  those  of  the  outer  tier,  and  at  least  ten  times  the  height 
of  the  first  blank  triforium,  which  yet  is  (or  seems)  high 
enough  to  form  a  gallery.  A  dimension  is  not  increased  in 
appearance  by  division  into  equal  parts,  but  only  into  unequal 
ones  well  contrasted.  It  is  very  doubtful  whether  the  uni 
form  repetition  of  columns,  windows,  or  other  features,  adds 
to  apparent  length  ;  but  the  unequal  divisions  of  length 
formed  in  a  Gothic  church  by  the  vestibule,  nave,  crossing, 
chancel,  &c.,  give  artificial  length,  and  the  unequal  stories 
give  artificial  height,  while  the  equal  stories  of  a  factory  pro 
duce  no  such  effect.*  This  principle  of  contrasted  division 
is  important  in  the  composition  of  mouldings.  In  good 

*  Perhaps  a  gradccted  division,  diminishing  upwards,  may  also  give  apparen* 
height.  No  building:,  of  the  same  altitude,  appears  nearly  so  lofty  as  a  Doric 
portico  ;  on  which  Papworth  observes— '  In  the  vertical  subdivisions  of  the 
masses  forming  the  columns,  the  triglyphs,  the  metopes,  and  the  mutulea,  and 
even  the  ornaments  above  them,— the  acroteria  and  terminations  of  the  roof.— it 
is  evident  that  great  attention  was  paid  to  produce  the  effect  of  altirwK  by  con 
ducting  the  eye  from  the  base  upward  along  the  columns  and  entablature  in  a 
succession  of  lines  admirably  proportioned  to  each  other,  and  becoming  shorter  aa 
they  approach  the  summit  of  the  building/' 


OF    ARCHITECTURE.  235 

cornices  we  never  find  two  members  of  equal  or  nearly  equal 
height  together,  nor  should  two  conspicuous  members  of  the 
same  kind  be  nearly  equal,  even  though  separated  by  nume 
rous  members  of  a  different  kind.  Alteration  is  as  bad  as 
succession  of  equal  parts.  There  must  also  be  a  fixed  limit 
to  the  principle  of  contrast  where  it  begins  to  interfere  with 
that  of  multitude.  There  must  be  a  certain  disproportion 
between  two  divisions  which  should  not  be  exceeded,  because 
then  the  larger  division  would  appear  greater,  divided  into 
two,  then  entire.  What  Is  this  limiting  ratio  ?  An  examina 
tion  of  the  finest  classic  examples  would  seem  to  give,  for 
this  limit,  the  ratio  of  10  or  12  to  1.  A  greater  disproportion 
than  this,  the  eye  can  hardly  measure  or  understand  as  a  con 
trast.  While  very  small  differeuc.es  (if  visible  at  all)  are 
always  M;e/'-estimated,  very  great  ones  are  always  under- 
estimated.  Good  examples  of  contrasted  division  should  be 
copied  simply  as  mch.  They  are  equally  applicable  to  the 
divisions  of  a  building  or  of  the  smallest  moulding,  conducing 
alike  to  sublimity  in  the  one,  and  beauty  in  the  other. 

The  origin  of  the  chief  peculiarity  of  general  form  in  the 
English  Gothic,  viz,,  the  eastern  minor  transept,  may  be 
accounted  thus ; — -In  cruciform  churches  there  were  two  modes 
of  placing  the  choir  and  its  furniture  ;  either  in  the  eastern 
limb,  which  was  most  common,  or  in  the  centre  of  the 
cross.  This  place  was  especially  proper  when  there  was  a 
lofty  lantern  over  it,  as  in  the  Italian  duomi  and  English 
cathedrals,  but  not  in  the  French,  in  which  accordingly  there 
seems  to  be  only  one  example  of  this  arrangement,  viz.,  at 
JUieims, 

This  plan  had  the  advantage  of  placing  the  choir  in 
the  most  imposing  spot,  where  alone  the  whole  building 
displayed  itself  in  live  grand  perspectives,*  but  it  had  the 
defect  of  shutting  out  the  view  of  the  transept  arms  from  the 
nave  and  from  each  other,  which  latter  was  always  the  finest 

*  The  fifth  being  the  tower,  which  was  in  all  these  oaxeH  originally  open  as  a 
lantern. 
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proportioned  vista  in  the  building,  because  not  too  lengthy 
for  its  other  dimensions. 

There  is  another  peculiarly  English  variation  on  the  general 
Gothic  plan,  which  deserves  attention,  and  ought  to  render 
the  name  of  Alan  de  Walsingham  preeminent  among  the 
few  Gothic  names  that  have  descended  to  us.  This  architect 
invented  the  truly  masterly  expedient  of  altogether  omitting  the 
four  middle  piers  for  supporting  towers,  thereby  at  once 
forming  a  noble  octagonal  central  space,  distributing  the 
weight  of  its  covering,  or  lantern,  among  eight  instead  of 
four  supporters,  greatly  diminishing  the  inward  push  on  each, 
(because  it  receives  the  thrusts  of  its  two  abuting  arches 
inclined  135°  to  each  other,  instead  of  90,°)  and,  lastly, 
enabling  these  piers  to  be  enlarged  to  any  extent  in  one 
direction  (outwards)  without  stoping  or  even  contracting 
any  one  of  six  avenues  of  the  church. 

This  invention  is  equally  applicable  to  any  style,  or  any 
mode  of  construction  ;*  and  if  disposed  to  underrate  it  on 
account  of  its  simplicity,  we  should  ask,  Why  was  it  never 
used  before  ?  We  might  add,  why  has  it  never  been  rein 
vented  even  by  the  most  ingenious  modern  architects  ?  In 
looking  over  the  engraved  designs  of  Palladio,  Scamozzi, 
Vignola,  &c.,  it  is  wonderful  to  observe  how  very  nearly 
they  often  approached  this  idea  without  ever  completely 
reaching  it.f  Indeed,  no  example  of  it  seems  to  have  been 
finished  out  of  England,  either  in  the  Gothic  or  Italian 
styles,^ — and  even  in  its  native  land,  it  lay  dormant  at  Ely 


*  There  is  a  beautiful  instance  of  its  use  in  lintel  construction  in  the  tomcat 
Mylassa.  (figured  in  the  "  Ionian  Antiquities"  of  the  Dilettanti  Pociety.)  Accord 
ing  to  Mr  Fergusaon,  the  same  form  is  common  in  Indian  mautnlea.  It  would 
thus  seem  to  have  been  invented  thrice,  in  Ionia,  India,  and  England,  at  widely 
different  epochs. 

f  It  did  not,  however,  escape  those  excellent  geometers,  1hc»  Spanish  Arabs. 
Since  writing  thh,  I  have  learnt  of  a  complete  vaulted  example  bv  thorn,  in  a  bath 
a.t  Barcelona. 

%  Most  modern  ItaMnn  churches  have  the  octagon  space,  bu4  at  the  expense  of 
the  aisle  avenues,  which  are  cither  absent,  or  blocked  up,  as  at  '  o  ,^Af  From 
ft  plan  which  Wlebukm*  Raw  in  the  archives  of  the  cathedral  o'1  ^lo-na,  begun 
1388,  it  appears  that  the  Ely  octagon  was  proposed  on  an  HUM  nw  -xsale  (118 
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5toi  .Lx'co  centuries.  Of  its  revival,  Waie  says,  "  The  octa 
gon  Imso,  and  the  vista  of  the  aisles  through  K,  is  together 
an  invention  not  easily  allowed  even  to  Sir  Christopher 
Wren."  WVui  never  claimed  it ;  he.  had  native  plumes 
enough  without  borrowing  any.  Yet,  perhaps,  if  his  uncle 
had  not  been  B^iiop  of  Ely,  St.  Pauls,  though  a  fine,  would 
not  have  luieu  a  a  unique  building. 

This  great  man,  liom  the  beginning  of  his  career,  appre 
ciated  the-  manifold  merits  of  the  plan  peculiar  to  Iris  uncle's 
church,  and  when  called  on  to  repair  Westminster  abbey,  he 
intended  to  remodel  its  centre  on  this  type.  Bad  details 
and  Italian  cornices  could  well  have  been  tolerated  for  the 
Bake  of  such  an  improvement ;  especially  needed  here,  not 
only  to  fit  the  building  for  its  present  UHC,  (for  which  it  is 
now,  like  most  Gothic  structures,  singularly  ill  adapted,) 
but  also  to  correct  its  peculiar  defects  ;  which  area  want  of 
monumental  durability;  and  an  irregularity  in  the  compart 
ments  next  the  crossing,  which  in  the  nave  arc  wider,  and  in 
the  transept  narrower,  than  their  regular  width.  But  this 
improvement  remains  to  be  made.  At  some  future  day  (let 
us  hope,  of  pure  taste,)  when  the  hoary  pile  grows  infirm 
and  full  of  days,  and  not  only  convenience,  durability,  and 
beauty,  but  safely  also,  calls  for  it,  Wren's  plan  will  doubt 
less  be  carried  out,  without  the  faults  of  his  details. 

Disappointed  here,  however,  Wren  applied  the  principle  to 
one  of  his  smallest  and  cheapest  buildings,  which  consequcntr 

feet  diameter)  for  that  building,  but  the  cinquocontint  architects  wwo  too  timid  to 
venture  on  it,  for  tho  wooden  model  in,  tho  sacrinty  adhorON  to  the  old  method  -with 
four  con trul  piers  ;  and  neither  project  lias  Buitcul  tho  resources  of  u  Bologna  the 
Fat,"  for  tho  nave  only  la  built.  Tho  cathedral  of  Pavia,  however,  begun  in 
1480,  but  equally  unfinished,  presents  tho  octagon  half-developed,  and  com 
pletely  HO  In  tho  original  design  of  Us  architect,  Koechi.  Tt  has  boon  Haiti  that 
the  cluomo  at  Florence  (left  roofless  till  a  council  of  architects  and  ongincors 
from  all  parts  of  Europe  aHHombled  to  consult  how  to  covw  it)  exhibits  tho 
rudiment  of  th«  KngHsh  octagon  ;  but,  if  HO,  it  JH  very  rudimentary  Indeed. 
The  very  ancient  little  Byzantine  chapel  of  Santa  Fonca,  on  the  Mo  of  T<r- 
cello.  in  the  ViHietian  laguneH,  presents  a  tnuch  nearer  approach  ;  but  in  this, 
RH  well  as  in  the  modern  church  of  Santa  Maria  ddla  Orassla,  at  Milan,  the  reftem- 
bianco  !H  only  in  p'an,  no  advantage  l>ein|aj  "Uiken  of  Ihe  octagon  for  facilitating  thfl 
covering,  which  is  by  a  dome,  oiafow  pendemtivegi  only,  covering  tho  square. 
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ly  fthough  only  a  plaster  representation,  never  yet  executed, 
as  it  might  easily  be,  in  permanent  building)  has  given  the 
narrow  lane  of  Walbrook  an  European  celebrity  ;*  and 

*  The  just  and  universal  approbation  bestowed  on  the  inferior  of  this  1'ttle 
church,  renders  it  one  of  the  very  few  modern  buildings  that  furnish  proper  ob 
jects  for  that  search  into  principles  which  it  has  been  our  study  to  apply  to  the 
chief  ancient  and  mediaeval  models.  In  such  a  search,  we  cannot  but  observe,  first, 
that  of  Sir  Christopher  Wren's  fifty  churches,  this  is,  I  think,  the  only  one  with 
out  gatterie*!.  How  greatly,  then,  must  the  facility,  or  rather,  the  possibility,  of 
de.Mjiuing  a  fine  interior,  be  diminished  by  requiring  a  great  portion  (often 
more  than  half)  of  its  area  to  be  divided  into  two  floors  ;  when  even  this  great 
man,  in  so  mawy  trials,  did  not  once  succeed  in  solving  this  problem  satisfac 
torily,  or  so  as  to  produce  an  effect  approaching  to  that  "which  he  BO  easily 
produced,  in  one  trial,  when  unfettered  by  this  most  odious  requirement  of 
modern  parsimony.  But,  in  comparing  this  church  with  those  few  only  which 
can  compete  with  it  on  fair  ground, — those  without,  galleries, — we  must  still 
admit  its  transcendent  merit,  not  only  as  compared  with  those  of  its  own  style, 
but  also  with  those  of  the  purest  Gothic.  We  may  fairly  challenge  the  pro 
duction  of— 1st,  any  interior,  for  whatever  purpose  designed,  which  produces  an 
equal  effect  with  so  small  an  amount  of  ornament ;  and,  2ndly,  any  interior  which 
possesses  equal  beauty  with  as  much  fitness  for  the  purpose 
of  Protestant  worship.  The  height  being  no  greater  than  is 
necessary  for  breathing  room,  a  division  into  Jvo&  avenues 
was  absolutely  necessary  to  obtain  any  thing  like  a  majestic 
loftiness  of  proportion  ;  yet  the  number  of  columns  does  not 
impede  the  sound  and  sight  of  the  preacher,  because  this 
very  number  enables  them  to  bo  made  smaller  than  the 
usual  space  between  the  heads  of  two  perpona.  so  that  all 
the  congregation  cnn,  without  loss  of  sptice,  place  them 
selves  so  as  to  see  and  hear  ;  for  the  pulpit  and  desk  are 
ao  placed  that,  if  we  suppose  a  lamp  lighted  in  either  of  ' 
them,  the  shadows  of  no  two  columns  would  overlap  to  Plan  of  ^t  Stephen's, 
form  a  broader  shadow  than  that  of  a  single  one  But  Walbrook. 

not  only  are  the  sixteen  columns  so  distributed  as  to  answer  this  condition, 
(fulfilled  in  hardly  any  other  church  ;)  they  are  so  arranged  in  a  plain  oblong 
room  as  entirely  to  conceal  its  vulgarity  by  introducing  the  various  beauties  (no 
where  else  combined)  of  the  Latin  cross,  Greek  cross,  square,  octagon,  and  circle. 
Observe,  too,  how  strictly  the  rectangular  forms,  expressing  stability,  are  kept 
below  ;  up  to  the  entablature  all  is  right-angled  ;  then  come  the  oblique  lines,  and 
the  elegant  circular  forms  above  all.  Wren  did  not  (as  we  remarked  in  Chap.  Ill ) 
sufficiently  observe  this  principle  *n  some  of  his  wo^ks,  but  here  its  complete  ob 
servance  so  improves  the  idea,  that,  though  borrowed  from  a  Gothic  work,  fa  could 
hardly  be  re-transferred  into  that  style  without  great  loss  ;  for  how  could  the 
combined  plans  (cross,  square,  octagon,  and  circle)  be  kept  in  that  style  so  egwil- 
Vy  prominent  as  they  are  here  ?  none  prevailing  over  and  disguising  the  others. 
The  cross,  and  especially  the  square,  would  hardly  appear  but  for  1he  entablature, 
which  could  not  be  replaced  by  any  Gothic  feature  that  should  have  sufficient  im 
portance  without  appearing  clumsy  or  unduly  exaggerated.  Again,  that  style  ii 
so  much  better  adapted  to  polygonal  than  to  circular  plans,  that  it  would  be  diffi 
cult  to  keep  the  former  ft-om  overpowering  the  latter 
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when  his  first  design  for  his  great  work  was  obliged  to  be 
abandoned,  (it  is  said  with  tears,)  and  the  form  and  propor 
tions  of  a  Gothic  cathedral  substituted,  he  recurred  to  this 
arrangement  as  the  chief  source  of  its  originality  and  gran 
deur.  Strange  to  say,  this  invention,  so  peculiarly  fitted  for 
Protestant  worship,  which  requires  an  ample  central  space, 
(not  lengthy  avenues,)  has  slept  again  for  a  century  and  a 
half,  and  has  only  been  revived  in  the  elegant  church  just 
erected  at  Highbury.* 

*  But  while  the  central  square  of  tho  ordinary  Gothic  plan  is  elbowed  by  its 
piers,  tho  central  octagon,  on  the  contrary,  in  rather  too  spacious  for  the  boot 
artistic  effect,  and  at  St.  Paul's  it  overpowers  the  other  parts,  making  the  four 
great  avenuoH  seem  narrow  and  low  :  who  would  believe,  that  they  are  as  high 
aH  those  of  Salisbury  1  A  medium,  then,  between  the  octagon  and  tho  square  is 
presented  by  the  early  pointed  cathedral  of  Sienna,  which  has  its  central  space  a 
heaoagon,  and,  though  this  is  there  clumsily  arranged,  and  blocks  up  the,  aisle  vis 
tas,  it  might  by  a  Lttlo  change  havo  loft  all  six  avenues  open  and  uneontraoted.  If 
the.  middle  transept  avonuo  occupied  tho  westorn  half  •£  tho  hcxtigoa,  paHHing 
through  two  of  its  sidOH  obliquely,  then  itH  two  other  oblique  Hidow  might  each  have 
a  Homi-hexngon  deacribed  on  it.  The  two  ouler  Hides  of  those  would  form  win- 
dowH  ;  their  two  oantorn  Hidos,  entrances  to  the  choir  aisles  ;  and  thoir  two  re 
maining  Hides  to  t'hc  east  aiwlo  of  the  transept,  which  might  or  might  not  have  a 
western  ttiwlo,  for  that  would  fall  without  tho  hexagon.  Tho  breadths  botwoen  the 
centres  of  the  columnn,  (calling  that  of  the  nave  ono,)  would  be  thus.  Tho  nave 
aisles,  one-half;  diameter  of  tho  hexagon,  two  ;  tho  central  tranwopt,  tho  8qua.ro 
root  of  three' -fourths  ;  and  itsaislea,  one-half  of  the  square  root  of  three-fourths. 

The  capabilities  of  the  hexagon  and  dodecagon  have  been  greatly  neglected  in 
artistic  planning.  Their  union  with  yquare  forms  would  produce  n\any  beautiful 
%nd  useful  combinations  ;— useful  (that  is)  In  vaulted  and  other  genuine perma* 
nmt  modes  of  construction  ;  the  ohiof  artistic  advantage  of  which  modes  is,  that 
they  require  or  conduce  to  such  combinations  ;  so  that,  perhaps,  elegant  planning 
can  hardly  be  expected,  without  a  return  to  real  architecture.  Bartholomew 
draws  attention  to  the  beautiful  symmetry  of  a  plan  to  which  the  vestibule  of  the 
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III.  From  the  general  arrangement  of  the  Gothic  struc 
tures,  we  must  now  descend  to  their  details  ;  first  premising 
that  these  appeared  in  a  different  order  in  different  countries ; 
all  of  which  seem  to  have  advanced  by  different  paths  to 
wards  the  same  object,  which  they  all,  about  the  year  1300, 
completely  attained.  Not  till  then  did  their  several  styles 
arrive  at  the  nearest  coincidence  ;  and  this  only  style,  common 
to  the  various  Gothic  nations,  is  that  which  all  have,  agreed 
to  consider  the  complete,  Gothic,  as  containing  all  the  essen 
tial  features  of  the  system,  viz.  :  1.  Universally  pointed  arch 
ing,  each  arch  being  composed  of  several  ribs  or  mouldings, 
so  arranged  that  the  innermost  or  narrowest  might  serve  as 
centering  on  which  to  turn  the  next,  on  which  a  still  stronger 
was  turned,  &c.,  greatly  economizing  the  original  wooden 
centre;  2.  Ribbed^vautting ;  3.  Apparent  buttr  esses  ;  4.  PU- 
far-dustering,  with  reference  to  the  ribs,  each  rib  (whether 
of  the  vaulting  or  of 'the  arches)  being  given  to  a  particular 
shaft  5  5.  Pinnade-dustering ;  6.  Window  tracery,  with  sub 
ordination  (of  principal  and  minor  tracery  bars)  ;  and, 
lastly,  Foliation,  or  foiling,  an  universal  though  seemingly 
non-essential  ornament.  These  seven  peculiarities  may  be 
considered  'necessary  to  constitute  the  complete  Gothic  ;  but 
some  very  beautiful  styles  arose  before  this  complete  deve 
lopment,  by  the-  carrying  •  out  of  some  of  these  principles 
alone  ;  and  wherever  any  lon&  of  them  (especially  pointed 
arching)  is  consistently  observed,  a  beauty  is  derived  from 
this  consistency.  All  the, styles  which  completely  carry  out 
this  principle  come  under  the  general  term  Early  Pointed, 
and  are  further  distinguished  as  Ewrly  English,  Early  French, 
%G.  ;,  Qie-word  'Pointed'  being  understood.  Of  all  these, 
the  Early  English  may  be  esteemed  as  decidedly  the  roost 

Temple  church  offers  a  rude  afpVoaoh,  viz., 'a  dodecagon  -with  its  covering  support 
ed  by  «x  pillars  and  eighteen  arches,  all  of  equal  span,  dividing  th°.  "whole  into  a 
central  hexagon,  surrounded  hy  six  square  and  six  triangular  compartments,  all 
equilateral,  and  making  the  thirty  lines  composing  the  plan  all  equal.  The  prece 
ding  example  of  hexagonal  planning  approaches  the  same  idea.  It  represents  the 
K-o  stories  of  the  royal  mausoleum  at  St.  Denys,  destroyed  in  the  first  French 
revolution. 
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pure  arid  consistent.  It  is  not  confined  to  England,  but 
nearly  so  ;  its  only  continental  localities  being  Brittany  and 
the  western  part  of  Normandy.  All  provinces  further  eayt 
exhibit  various  kinds  of  Early  Pointed,  different  from  ours  ; 
and  some  of  which  were  formerly  supposed  to  display  a  more 
advanced  flta^c,  or  a  nearer  approach  to  the  complete  Goth 
ic,  than  the  contemporary  English  examples.  Thus  Amiens 
cothcdral,  begun  in  the  same  year  with  Salisbury,  certainly 
at  first  sight  appears,  with  its  large  four-light  windows  and 
varied  tracery,  much  more  Gothic  than  Salisbury,  where 
there  is  no  tracory,  or  only  the  first  rudimentary  effort  to 
wards  it.  Hut.  on  a  closer  inspection,  we  find  that  much  of 
the  Amiens  tracery  ("as  the  lower  nave  windows  and  the 
great  cricl  rose  window^  consists  of  after-additions  :  that 
the'  original  windows  show  no  greater  advance  than  Rome  at 
Salisbury  ("those  of  the  chapter-house)  ;  that  tho  remaining 
tracery  being  simply  composed  of  foiled  circles  or  foil-circles* 
packed  together,  is  no  more  than  what  the  Salisbury  build 
ers  may  be  supposed  quite  capable  of  designing,  had  they 
possessed  the  desire,  or  tho  funds,  for  such  enrichment ;  and,, 
lastly,  that  if  the  tracery  is  more  complete  at  Amiens,  other 
features  (as  the  vaulting)  are  precisely  similar  in  both,  while 
others  are  decidedly  more  advanced  in  England.  This  is 
specially  the  case  with  the  arch-mouldings  and  pillars,  which,, 
even  in  older  buildings  than  Salisbury,  exhibit  a  richness  of 
clustering  far  beyond  those  of  Amiens,  whose  groups  of  live 
only,  with  Corinthian  capitals  and  square  plinths  and  abaci,, 
hardly  indicate  any  advance  from  the  Romanesque. 

It  is  easy  to  conceive  that  the  Gothic  features  might  hav^ 
appeared  one  by  one  in  a  different  order  in  different  coun 
tries,  and  that  while  one  nation  made  its  first  advances  by 

*  The  nomenclature  of  Rlekraan  seems  on  this  point  more  eond«a  ami  every 
way  nwferablfl  to  that  of  ProfesBor  Willis,  whoso/<rtl«rf  arch  and  JbllaUd  nrcli  cor 
respond  wapfciivdy  to  Rlckman'n /o«  arch  and  /<*/«*  arch,  wliicli,  to  any  oh* 
«wverof  Gothic  lmihltn{?n,  swin  hardly  to  require  explanation,  the  former  being, 
where  the  whoto  archlvoltlw  broken  into  several  curves,  and  the  latter  when,1  the«« 
are  only  inserted  within  a  Khuplc  eurv®. 

21 
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means  of  the  pointed  arch  and  vault,  another  invented  tra, 
eery  or  foiling,  a  third  began  with  the  acute  apire  and  pin- 
nacle  a  fourth  pushed  forward  the  subdividing  of  the  clus 
ter-column  and  many-shafted  jamb.  This  last  was  the  case 
with  England,  where  many  round-arched  examples  even  are 
do  Gothic  in  this  respect  that  they  present  as  many  vertical 
lines  as  any  building :  Winchester  tower,  of  the  eleventh 
century  is  an  example. 

Germany  boasts  of  the  first  examples  of  the  Gothic  arch, 
and  yet,  strangely  enough,  was  the  very  last  country  to 
abandon  the  round  arch,  which  continued  to  struggle  with 
the  pointed  forms,  and  render  the  "  Early  German,"  even 
down  to  the  middle  of  the  thirteenth  century,  an  incongruous 
mixture,  unworthy  the  name  of  a  style.  In  buildings  with 
-complete  pointed  vaulting,  and  all  the  beautiful  varieties  of 
plan  and  outline  mentioned  above,  when  we  turn  to  the  win 
dows,  those  favorite  types  for  recognizing  the  Gothic  styles, 
Instead  of  the  beautiful  grouped  lancets  of  the  Early  Eng 
lish,  we  meet  with  such  forms  these  : 


Early  German  "Windows. 

The  foiled  forms  were  probably  introduced  from  the  East, 
(being  common  in  Arabic  architecture^  and  though  the 
Germans  were  perhaps  the  first  to  use  these  forms  exten 
sively,  it  was  long  ere  they  learned  their  true  use,  not  to  be 
placed  alone,  but  as  adjuncts  to  graver  and  more  simple 
forms.  The  round  trefoil  arch  seems  in  Germany  to  have 
preceded  the  common  pointed  one,  and  in  grouping  two  or 
more  openings  under  one  arch,  they  aimed  at  variety  rathei 
than  unity  in  their  forms.  Thus,  using  the  letters  T,  R,  P, 
and  *,  to  express  pointless  Trefoil,  Round  arch,  Pointed  arch, 
&nd  foiled  circle,  we  find  such  combinations  as  these  : 
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RRRRTTTPPP 

TTT  P         P  P        R  R         P  P          E  T  R  * 

T    T       P    ?   pp  p$  R   R       T   T         R   R       T   T 


But  not  till  later  than  in  France  or  England  do  we  find-— 
P  P  P 

p  *  and         P  P 

p  p  p  p 


When,  indeed,  the  Germans  did  adopt  these  combinations, 
tracery  of  the  most  bountiful  kind  rapidly  followed,  and  b 
St.  Catherine,  at  Opponheim,  and  the  glorious  design  for 
Cologne  (1248),  this  part  at  least  of  the  Gothic  system 
certainly  attained  its  fullest  development,  rather  sooner  in 
Germany  than  elsewhere.  So  rapid  was  this  development, 
that  there  is  hardly  an  example  in  that  country  of  Marly 
Pointed  (St.  Elizabeth,  at  Marburg,  is  the  chief);  for  no 
sooner  did  their  architecture  become  completely  pointed  than 
it  became  complete  Gothic. 

The  German  Gothicists  particularly  excelled  in  the  design 
of  spires  and  the  grouping  of  pinnacles,  which  they  carried 
to  a  complexity  unknown  elsewhere.  This  feature  sprung 
from  the  simple  practice  of  finishing  a  square  turret  with  an 
octagonal  or  conical  spire,  and  then  occupying  the  spandrils 
left  on  the  plan,  by  four  smaller  spires  ;  a  proceeding  as  old 
as  the  tombs  of  the  Etruscans. 

The  practice  of  window  tracery  everywhere  had  its  origin 
in  window-grouping,  placing  two  or  three  lancet  windows 
beside  each  other,  and  one  or  more  foil  or  rosette  windows 
above  and  between  their  heads,  in  order  to  fill  out  the  arched 
cell  of  the  vaulting,  which  then  necessarily  gave  the  whole 
group  an  arched  outline  ;  and  this  wa,s  indicated  externally 
by  a  general  drip-mould  or  label  It  then  became  desirable 
to  lighten  the  irregular  masses  left  between  the  perforations, 
and  this  was  done  by  piercing  these  masses,  or  spandrils,  arid 
reducing  the  solid  frame  of  each  foil  or  rosette  to  an  equal 
thickness  all  round,  as  if  several  such  frames  or  rings  were 
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packed  into  one  great  arched  opening,  which  henceforth  was 
regarded  as  one  window  instead  of  several. 

Each  country  has  had  its  successive  styles  of  tracery,  and 
each  has  begun  with  the  simple  subdivision  of  one  arch  into 
two,  and  these  sometimes  into  two  again,  filling  up  the  space 
between  the  heads  with  a  drde,  as  at  Marburg  ;  a  foiled 
circle,  as  at  Salisbury  chapter-house,  and  the  aisles  of  Cologne; 
or  finally  a  foil-drdc,  as  at  Westminster,  and  the  clerestory 
of  Cologne,  where  it  is  subfoiled  :*  thence  proceeding  tc 
pack  together  such  forms  over  an  odd  number  of  lights,  to 
which  the  method  of  continual  bisection  would  not  apply  ; 
and  thus  the  first  kind,  which  may  be  called  packed  tracery, 
became  complete.  Deviations  from  the  principle  of  packing 
led  to  the  general  tracery,  absurdly  called  "geometrical;" 
for  all  Gothic  tracery  is  geometrical,  none  is  hand-drawn, 
This  beautiful,  purely  unmeaning  tracery  was  succeeded  in  all 
countries  by  the  flowing  loop  or  leaf,  and  then  by  the  peculiar 
national  After-Gothic.  Germany,  however,  as  it  had  been  the 
first  to  perfect,  was  also  the  last'  to  abandon  the  "  geo 
metrical"  tracery,  which  continued  there,  even  into  the 
fifteenth  century,  our  Perpendicular  Period.  England  and 
France,  however,  in  the  fourteenth  century,  abandoned  the 
unmeaning  for  the  flowing  leaf-tracery  ;  and  this,  notwith 
standing  its  beauty,  had  hardly  time  to  show  Itself  before  it 
was  superseded,  here  by  the  perpendicular,  and  in  France  by 
the  flamboyant.  Hence  it  happens  that  of  the  three  great 
classes  of  tracery,  —  "geometrical/7  flowing,  and  perpendi 
cular,  —  while  the  last  is,  as  every  one  knows,  by  far  the 
commonest  in  England,  the  most  abundant  kind  in  France 
is  flowing  (flamboyant,),  ail&  in  Germany  geometrical,  L  e.} 
unmeaning. 

The  unmeaning  tracery  of  Germany  is  very  beautiful,  and 


ff  seems  a  more  concise  and  clear  , 

ffcy  "Willis,—  which  is  liable  to  be  mistaken,  for  the  practice,  common  in  Frww»,  otf 
dividing  a  flame-litee  form  into  only  two  foils. 
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generally  par 
takes  of  the 
packed  charac 
ter,  the  follow 
ing  forms  occur- 
ing  very  abim- 

d'llltlv  The  Elements  of  Gorman  Tracery. 

convex-sided  triangle  and  square  are  placed  in  all  positions 
indifferently,  and  the  irameless  trefoils  and  qnatreloils  are 
often  formed  on  the  basis  of  these  figures  instead  of  the 
circle.  The  rollings  and  subfoilings,  formed  by  a  very  nar 
row  but  dee})  chamfered  member,  leave  their  little  spandrils, 
(called  eyes  by  our  workmen,)  entirely  open,  producing  the 
lightness  almost  of  metal-work.  Circular  windows,— -in  Eng 
land  almost  confined  to  the  ends  of  the  transept,— were 
employed  abroad  wherever  a  window  of  the  ordinary  form 
would  have  become  of  too  low  and  broad  a  proportion.* 

*  TV  term  mwiffoM-  hap  been  applied  to  thono  circular  windows  in  which  radi 
ating  mullionn  prevail;  and  row  to  those  in  which  no  such  linos  are  found.  The 
preference  given  to  the  latter  may  bo  traced  to  Iho  fooling  for  Bubord'matioti  of  the 
classes  of  form.  A  general  form  of  the  third  clans  should  not  be  filled  up  with  do- 
tailB  of  the  second. 

The  finest  rose  windows,  perhaps,  are  at  fit,  Ouen,  (Rouen,)  and  +h«  Immense 
ones  at  Beauvais,  in  which  however,  there  IH  not  enough  subordination  of  different 
c  asrtos  of  mullums.  The  finest  of  the  radiating  sort  are  at  S+raMburg,  WoHtminstw, 
and  the  nouth  front  of 
Amiens,  where  a  {dean- 
ing  variety  is  produced 
by  the  linen  radiating 
from  points  a  little  dis 
tant  from  the  centre,  «o 
as  to  give  alternately  a  few  radiating  and  a  few  parallel  millions.  The  figure  0, 
called  penkttplta,  is  very  common  in  French  eireuia*  window  traewy  ;  and  they 
followed  the  example  of  floworH  in  founding  their  division,  chiefly  on  the  numbers 
8  and  6  thoao  divisible  by  4  being  comparatively  rare.  The  term  tofatfZ,  applied 
indiscriminately  to  all  round  windows,  would  bo  bettor  restricted  to  tluwe  called 
in  r-mecj  rotMtonmantM,  which  differ  from  ordinary  roses  in  having  the  similar 
Hoctow  of  tlw  pattern  not  alternately  rovemed,  but  all  turned  +.he  name  way,  which 
given  tli  a  idea  of  rotation.  There  arc  many  varieties  of  them,  though  none  contain 
more  than  six  or  eight  panel*,  there  being  none  above  the  smallest  wale,  probably 
from  a  fooling  of  the  instability  given  by  their  rotatory  expression,  Htmce  the  us* 
of  a  largo  «nd  complex  one,  as  a  principal  and  central  feature,  in  a  church  lately 

finished  at  Islington,  mu*t  be  considered  in  very  questionable  taste. 
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When  the  Gothic  system  had  attained  its  culmination,  the 
chief  differences  were  that  vault  tracery,  pillar-clustering,  (and 
perhaps  we  may  add,  moulding,}  were  best  developed  in 
England  ;  spire,  design  and  pinnacle-clustering  in  Germany  5 
window  trac&ry  in  France  ;  and  foliation  in  the  Netherlands 
and  Spain,  ( where  it  took  an  extraordinary  richness  and 
complexity  from  the  Arabs,  its  probable  inventorsj  All  these, 
however,  were  rather  differences  of  degree  than  of  kind,  and 
the  style  might  be  said  to  be  now  every  where  the  same. 

The  Gothic,  then,  had  in  the  fourteenth  century  become 
a  complete  system,  as  consistent  in  its  principles  as  the 
architecture  of  the  ancient  Greeks,  to  which  it  was  yet  in 
many  respects  directly  opposite  ;  and  it  is  truly  surprising  to 
trace  how  by  a  continued  steady  progress  in  one  constant 
direction,  an  originally  perfect  style  was,  through  various 
stages  of  decline  and  even  deepest  barbarism,  gradually  con 
verted,  after  almost  twenty  centuries,  into  another  style  as 
perfect  as  the  first,  yet  opposite  in  many  of  its  principles. 

This  opposition  appears  stronger,  the  more  perfect  are  the 
two  varieties  of  Greek  and  Gothic  which  we  compare.  The 
better  each  may  be  of  its  kind,  the  more  perfect  is  the  con 
trast,  and  the  chief  points  of  contrast  are  the  following  : 

In  tb-B  pure  Greek,  an  arch  was  inadmissible  ;  in  the  pure 
Gothic,  JL  lintel  or  beam  is  equally  inadmissible.  In  imitative 
Greek,  all  arches  have  to  be  disguised  as  beams  ;  in  imitative 
Gothic,  nil  beams  had  to  be  disguised  as  arches. 

In  the  former,  the  props  required  to  confine  the  arches 
must  be  concealed  or  disguised  ;  in  the  latter,  props  must 
appear,  whether  they  are  wanted  or  not. 

The  severe  unity  of  the  Greek  will  not  admit  of  scenery, 
i.  e.,  decoration  behind  decoration  The  wall  behind  a 
colonnade  was  plain,  not  even  windows  being  admissible 
there.  Tlu  Romans  advanced  a  step  from  this,  allowing  two 
system*'  of  decoration  together,  the  front  system  of  columns 
afl\l  u^ablAture,  the  hinder  of  arches  or  windows.  The 
ftsqiie  builders  carried  this  further,  and  in  their  latest 
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works  placed  arches  behind  arches  in  three  or  more  depths. 
This  was  approaching  the  Gothic,  in  which  style  (and  in  which 
alone)  the  planes  of  decoration  are  unlimited  as  to  number 

Lastly,  looking  at  the  general  character,  the  expression  of 
the  Greek  temple  is  that  of  majestic  repose ;  that  of  the 
Gothic  is  aspiring  flift/it,  or  at  least  gtowl/i.  The  first  arises 
from  the  absence  or  non-perception  of  oblique  pressures, 
Everything  gravitates  straight  downwards,  and  its  weight 
seems  somehow  to  be  rendered  peculiarly  visible  But  the 
Gothic  arches  and  gables,  the  tapering  buttresses,  the  sprout 
ing  crockets  and  bud-like  fmials,  the  bristling  pinnacles  ami 
spires,  all  seem  shooting  upwards,  and  by  their  terminating 
all  at  different  heights,  seem  aiming  higher  and  higher ; 
while  internally  the  same  character  is  preserved  by  arch  above 
arch  and  canopy  above  canopy,  by  the  palm-like  combination 
of  shaft  and  vaulting  ribs,  and  lastly,  by  the  great  prepon 
derance  of  vertical  lines  over  horizontal  ones,  both  in  number 
and  (perspective^)  length. 

This  last  circumstance  has,  from  its  simplicity,  been  too 
exclusively  dwelt  upon,  arid  even  regarded  by  Home  as  the 
Gothic  principle,  a  distinction  which  it  does  not  merit,  for 
the  aspiring  character  cannot  be  imparted  by  this  alone  ;  and 
on  the  other  hand,  this  character  is  possessed  in  the  highest 
perfection  by  many  buildings  which  have  (in  the  exterior  at 
least )  more  numerous  and  extensive  horizontal  lines  than 
vertical  ones  (as  is  the  case  with  Salisbury),  nor  do  HIQ  nearly 
vertical  bear  a  greater  proportion  to  the  horizontal  than  in 
Grecian  buildings,  in  which,  owing  to  the  diminution  of  the 
columns,  &c ,  hardly  any  touly  vertical  hues  occur. 

Rickman,  however,  made  the  important  observation,  that 
in  the  complete  G  othic,  emry  horizontal  lino  meeting  a  vertical 
one,  either  terminates  or  changes  its  direction,  while  the  ver 
tical  continues  its  course  unaltered  In  the  pure  Greek 
precisely  the  reverse  takes  place  ;  all  vertical  lines  are  stoped 
by  the  first  horizontal  one  they  meet,  while  the  horizontal 
continue  (generally  without  a  bcmdj  from  corner  to  comer 
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of  the  building.  The  difference;  therefore,  consists  not  so  much 
in  the  number  or  extent  of  horizontal  lines,  as  in  the  fact  of 
their  being  unbroken  in  the  Greek,  and  frequently  broken  iu 
the  G-othic.  In  both  they  are  equally  necessary  to  preserve 
the  unity  of  the  building,  by  tying  all  its  parts  together. 
The  neglect  of  this,  arising  from  the  misapprehension  and 
abuse  of  the  "  vertical  principle/7  as  it  is  called,  has  led  in 
modern  tunes  to  the  erection  of  churches  bo  totally  destitute 
of  unity,  as  to  resemble  a  group  of  chapels  of  various  heights 
stuck  together.  That  this  is  not  Gothic  will  appear  by  exam 
ining  those  Gothic  structures  (few  indeed  m  n umber )  which 
have  been  finished  in  one  lifetime,  or  after  one  design,  and  es 
caped  the  unscrupulous  alterations  by  which  so  many  grand 
edifices  have  been  reduced  to  patchwork.  Such  buildings  are 
the  cathedrals  of  Salisbury,  Rheims,  Milan,  Cologne,  St.  Oucn 
at  Rouen,  and  the  celebrated  chapels  at  Cambridge,  Windsor, 
and  Westminster.  These  include  all  the  style,  and  the  utmost 
degrees  of  vertically,  yet  all  possess  perfectly  that  unity 
which  arises  from  correspondence  of  horizontal  divisions  and 
features  all  round  the  building,  and  is  as  necessary  in  this 
style  as  in  any  other,  to  distinguish  a  great  "building  from  a 
group  of  little  ones. 

But  the  aspiring  principle  was  liable  to  abuse  by  its  inven 
tors  in  the  palmy  days  of  G-othic  art,  as  well  as  by  their 
imitators  now,  though  in  a  different  manner.  No  sooner  was 
this  beautiful  tendency  of  the  style  observed,  than  it  seems 
to  have  become  the  main  object  of  Gothic  design  to  increase 
and  push  to  the  utmost  this  expression  so  appropriate  to  a 
religious  edifice.  It  was  a  fine  idea  to  make  everything  in 
G-odrs  house  point  heavenward  ;  but  to  the  various  methods 
resorted  to  in  different  countries  for  exaggerating  this  ex 
pression,  we  must  partly  refer  the  gradual  decline  and  fall 
of  this  wonderful  style,  which  proceeded  by  different  steps  in 
each  country,  giving  rise  to  what  Professor  Willis  has  happily 
named  the  different  forms  of  After-Gothic.  The  Germans 
seized  on  the  idea  of  growth^  and  the  buding  and  sprouting 
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expression  ;  but  perhaps  the  French  were  most  successful  in 
increasing  the  aspiring  expression  :  •  by  a  slight  change  in  the 
prevailing  forms  of  the  flowing  tracery,  they  converted  the 
loops  or  leaves  into  flame-like  forms,  till  the  Flamboyant 
buildings,  appeared  not  vegetating,  as  in  Germany,  but 
blazing  from  the  foundation  to  the  bristling  finials.  The 
difference  between  this  style  of  tracey  and  our  own  flowing 
style  ("exemplified  in  the  west  window  at  York),  is,  that  while 
the  upper  ends  of  our  loops  or  leaves  are  round  or  simply 
pointed,  i.  e.,  with  Jinite  awgles,  the  upper  ends  in  France 
terminate,  like  the  lower,  in  angles  of  contact  (those  formed 
by  two  curves  that  have  a  common  tangent).  It  was 
necessary  to  tho  loafy  effect  that  the  lower  angles  should  be 


English  loaf- tracery,          French  flamboyant  traeery. 

tangential ;  but  to  the  flame-like  effect,  that  the  upper  ones 
should  be  so,  even  if  the  lower  were  finite  ;  and  hence  some 
examples  of  flamboyant  tracery,  turned  upside  down,  form  a 
kind  of  leaf-tracery. 

Our  countrymen,  however,  adopted  a  method  which  was 
less  conducive  to  the  aspiring;  expression,  and  which  con 
ducted  them  to  a  style  leas  rich  and  certainly  less  varied 
than  any  of  the  other  After-Gothics, 
Erroneously  supposing  that  an  abun 
dance  of  vertical  lines  would  increase 
this  character,  they  were  led  to  con 
vert  all  the  flowing  lines  of  the  window 
tracery  into  vertical  ones,  to  omit  the 
capitals  of  nearly  all  the  smaller  shafts 
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or  shaftlcts,  thus  converting  what  bad  been  blank  arcades 
into  mere  panels,  and  then  to  multiply,  diminish,  and  extend 
these  panels  arid  endless  repetition  of  vertical  lines,  over 
every  part  of  the  interior,  and,  in  florid  buildings,  even  of 
the  exterior. 

But  the  "  Perpendicular  Style"  may  also  have  arisen  from 
that  principle  of  constructive  wnity,  on  which  we  have  so  much 
insisted,  and  according  to  which  a  style  is  pure  and  perfect 
in  proportion  to  the  exclusiveness  with  which  a  certain  mode 
of  construction  pervades,  or  appears  to  pervade,  every  fea 
ture,  from  the  greatest  to  the  least.  In  Gothic  architecture 
this  mode  of  construction  is  arching,  in  other  words  the  sub 
jecting  materials  to  compression  alone,  never  to  tension  or  to 
cross-strain.  Hence  the  perfection  of  this  style  requires  that 
no  member,  however  short  or  strong,  should  be  treated,  or 
appear  to  be  treated,  as  a  learn.  All  materials  must  appear 
(as  far  as  the  eye  can  judge )  to  be  not  only  in  equilibrium, 
but  in  such  equilibrium  as  would  apply  to  flexible,  as  well  as 
rigid  bodies.  Hence  the  apparent  flexibility  which  every 
one  notices  in  fine  Gothic  architecture  ;  the  stone  is  treated 
as  though  it  were  flexible,  i.  e,,  no  dependence  is  placed  on 
its  rigidity,  and  therefore  it  appears  to  have  none.  Now,  in 
applying  this  to  the  chief  kinds  of  tracery,  we  must  remember 
that  the  statical  conditions  of  a  flexible  Gothic  arch  require 
a  weight  concentrated  on  its  vertex,  but  will  not  admit  of 
any  concentration  of  weight  on  any  other  point.  But  in  the 
"  Geometrical "  tracery,  the  arches  over  the  lights  receive 
generally  no  pressures  on  their  points,  but  concentrated 
pressures  on  certain  parts  of  their  haunches,  viz.,  where  they 
touch  the  circles  or  rosettes  that  seem  packed  into  the  win 
dow-head.  Such  tracery,  formed  of  a  flexible  substance, 
could  not  keep  its  form.  The  flowing  loop-tracery  is  an 
improvement  on  this,  and  the  flamboyant  still  more  so  ;  but 
in  the  Perpendicular  Style  alone  do  we  find  a  complete 
recognition  of  the  principle  that  the  Gothic  arch  should  be 
loaded  only  on  its  vertex.  In  this  style  alone  do  we  find 
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tracery  which,  if  converted  into  a  flexible  material,  would 
undergo  no  change  of  form. 

That  the  perpendicular  tracery  was  used  from  this  feeling 
rather  than  from  false  taste,  will  appear  from  that  great 
type  of  perpendicularity,  Henry  the  Seventh's  chapel,  in 
which,  though  the  principle  thoroughly  pervades  every  other 
part,  it  is  not  to  be  traced  in  the  flying  buttresses  ;  for  here 
statical  principles  rather  required  the  voiding  to  be  effected 
uy  circles  (as  in  the  spandrils  of  the  Pont-y-Prydd  and  iron 
bridges),  and  accordingly  this  is  done.  How  different  is  the 
constructive  consistency  here  shown,  from  the  want  of  it  in 
certain  earlier  French  works,  the  cathedral  of  Orleans,  for 
instance,  where  the  window-heads  are  packed  with  rings  and 
rosettes,  while  the  flying  buttresses  are  pierced  with  perpen 
dicular  archlets,  concentrating  all  their  weight  on  certain 
points  of  the  lower  curve,  against  all  statical  propriety. 

But  the  grand  error  of  the  "  Perpendicular 7;  was  its  intro 
duction  of  a  graver  class  of  form  in  details  than  prevailed  in 
main  features. 

Another  fault  peculiar  to  the  decline  of  the  system  in 
England  sprung  from  the  reduction  o^' paneling  (originally 
an  excellent  constructive  principle,  for  the  economy  of  ma 
terial,)  to  a  source  of  ornament  merely.  Common  sense 
tells  us  that  a  panel  is  a  method  of  diminishing  bulk  or 
weight  without  diminishing  superficial  extent,  and  is  there 
fore  only  applicable  to  parts  whose  office  depends  on  their 
wlewt — whose  duty  is  to  enclose  or  fill  up  spaces  ;  but  never 
to  those  which  have  to  support.  Thus  the  spandrils  of  a 
bridge  are  proper  places  for  paneling,  but  never  its  piers. 
The  application  of  paneling,  however,  to  supports  was  left 
fco  the  very  latest  examples  of  Gothic  degradation  ;  but  for 
a  long  time  previously,  the  principle,  was  abused  in  the  fan- 
tracery  vaulting,  whose  ribbing  and  paneling  was  not  con 
structive,  but  only  decorative ;  the  joints  occuring  indis 
criminately  in  the  centre  of  a  panel,  or  the  centre  of  a  rib. 

Other  abuses   overran  the  style  in  different  countries; 
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many  (but  not  allj  of  wliicli  may  be  referred  to  the  change 
admirably  described  by  Ruskin,  as  occuriug  everywhere  at 
the  culmination  of  the  style,  viz.,  the  the.  transference  of  atten 
tion  from  the  masses  (of  light  or  shade)  to  the  Hue? 

Iii  Germany  the  chief  vice  was  inlerpcfnetration,  or  the 
making  mouldings  appear  to  pass  through  each  other,  instead 
of  stopping  each  other.*  This  was  at  length  carried  to  such 
extent,  that  no  member  could  stop  against  another,  but 
must  seem  to  run  through  and  come  out  on  the  other  side, 
even  though  it  were  in  consequence  obliged  to  be  cut  off 
abruptly  in  the  air,  giving  rise  to-  crossed  foiling,  and  what 
has  been  called  $£zw?ip-tracery.  Moreover,  that  originally 
beautiful  and  useful  member,  the  ogive  crocketed  hood,  be 
came  to  the  German  designers,  what  the  panel  was  to  the 
English.  It  overgrew  everything  else,  till  the  buildings  be 
came  covered  with  tracery,  not  of  panels  but  of  intersecting 
hoods,  which,  not  confined  to  their  three  purely  Gothic 
forms,  the  rectilinear,  the  concave-sided,  and  the  reflexed  or 
ogive,  now  ran  into  all  imaginable  shapes,  which,  interpene 
trating  in  all  directions,  gave  the  idea  of  entwined  plants, 
an  effect  increased  by  .the  innumerable  crockets. 

In  France,  the  Gothic,  in  its  flamboyant  form,  seems  to 
have  maintained  a  certain  degrep  of  purity  longer  than  any 
where  else,  for  the  transept-fronts  of  Beauvais,  built  in 
1555,  exhibit  hardly  any  instances  of  Italianizing  tendency. 
Strongly  marked  horizontal  cornices,  however,  begin  to  stop 
the  vertical  lines,  and  the  latest  French  buildings  free  from 
Italian  details,  display  a  style  called  JBurgv/ndian,  with  the 
same  general  tendencies  as  the  English  Tudor,  but  far  less 
skilfully  carried  out;  the  arches  being  not  only  depressed  but 
pointless. 

Everywhere  the  finishing  stroke  was  given  to  expiring 
Gothieity  by  the  return  to  beam  and  lintel  construction,  and 

*  Perhaps  this  arose  from  a  fancy  to  repeat  and  exhibit  everywhere  the  symbol 
of  the  cross.  It  is  known  that  some  monkish  writers  of  that  age  amused  them* 
selves  with  finding  crosses  in  every  object  of  nature. 
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tlie  attempts  to  disguise  these  straight  horizontal  forms  into 
the  semblance  of  depressed  arches.  The  loss  of  constructive, 
unity,  the  return  to  universally  mixed  construction,  (as  in  the 
Ante-Gothic  ages,)  completed  the  downfall  of  this,  as  it  had 
before  completed  the  downfall  of  the  antique  system. 

In  one  respect,  however,  the  fall  of  the  Gothic  architecture 
perhaps  differed  from  that  of  the  Classic,  and  was  more 
complete.  It  was  a  fall  out  of  which  nothing  could  be 
expected  to  aviso,— a  fall  not  of  a  style  or  system  merely, 
but  in  a  certain  sense,  of  the  entire  art.  It  was  the  end  of 
a  progress  in  one  constant  direction,  which  had  run  through 
the  whole  history  of  European  architecture,  quite  indepen 
dently  of  the  changes  from  style  to  style— unaffected  by  "the 
Romanesque  debasement  of  the  art  or  its  Gothic  renovation. 
This  was  the  progress  from  nuigntiude  to  mulf-ilwk.  Though 
twice  attaining  constructive  and  decorative  Irnth,  it  is  ob 
vious  that  the  apparatus  of  the  art,  in  its  second  complete 
phase,  consisted  of  diminished  and  multiplied  derivatives  from 
the  chief  structural  members  of  its  first  phase.  The  process 
could  be  carried  no  further  :  complication  had  reached  its 
limit,— in  the  Unite  divisibility  of  the  material,— in  the  finite 
capacity  of  man, — and  the  finishers  of  those  piles  should 
have  inscribed  on  them,  "  ArMtclwe  u  finished;  henceforth 
le  content  lo  copy" 

The  Gothic  system  fell  by  its  own  inherent  principles  of 
decay,  and  left  the  field  vacant  before  the  perceived  absence 
of  true  architecture  rendered  the  importation  of  a  new  system 
necessary.  Imitations  of  the  grotesque  must  be  carefully 
guarded  against  being  classed  with  the  pure  Gothic. 

POST-GOTHIC  ARCHITECTURE. — Coeval  with  the  last  great 
transition  of  human  society:  from  the  invention  of  printing 
dates  the  fall  of  Gothic  art. 

The  present  Florentine  is  the  Doric  style  of  modern  pala 
tial  or  domestic  architecture. 

Venice,  the  luxurious  mistress  of  the  Adriatic,  like  its  pro- 
22 
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type  the  Corinthian  of  old,  has  superseded  its  rivals,  having 
been  till  within  the  last  few  years  the  general  model  tp  the 
architecture  of  all  trans-alpine  Europe.  Its  aim  was  splen 
dor,  variety,  luxury  and  ornament.  Intermediate  between 
these  two  schools  arose  the  modern  Roman. 

The  English  school  was  founded  on  the  Venetian. 

In  Florence,  mere  eye-pleasure  is  foregone,  variety  denied, 
monotony  endured  for  the  sake  of  grandeur,  and  the  higher 
objects  of  the  art. 

In  Venice,  the  higher  excellences  are  sacrificed  to  the 
lower  ;  true  grandeur,  to  pompous  effect ;  intellectual  sense 
of  fitness,  to  mere  eumorphic  beauty  ;  the  mind,  to  the  eye  ; 
self-concealing  art,  to  self-displaying  art. 

To  describe  the  schools  more  technically,  or  with  regard 
to  ruks  rather  than  principles, — the  Florentine  is  mostly  as- 
tylar,  the  style  of  fenestration  and  rustic  groins ;  the  Ro 
man  the  style  of  pilasters ;  the  Venetian,  that  of  columns. 


OF     ARCHITECTURE.  255 


CONCLUDING  REMARKS. 


AMONG  the  few,  then,  that  enlist  on  the  side  of  Truth,  and 
resolutely  engage  in  this  perpetual  conflict  against  false,, 
against  popular,  against  national  taste,  it  must  ever  be  borne 
in  mind,  first,  that  there  is  no  substitute  for  thought.  All  the 
ponderous  tonics  of  examples,  specimens,  &c.,  from  Adams 
and  Stuart  downwards,  have  been  intended,  or  received,  foi 
this  purpose  ;  and,  as  such,  are  not  only  totally  worthless, 
but  extremely  prejudicial  ;  though  invaluable  as  materials 
for  analysis,  free  criticism,  and  search  into  principles, — for 
which  purposes  they  have  never  yet  been  used. 

Nothing  am  increase  the  value  of  a  design,  which  does  not  in- 
crease  the  labor  of  the  designer,  (by  designer  I  do  not  mean 
draughtsman.)  JSnery  reference  to  precedent  should  do  this,  find 
will  do  so  with  every  true  artist.  But  the  false  artist  refers  to 
precedent,  to  save  himself  trouble  ;  that  is,  to  cheat  his  em 
ployers,  by  diminishing  the  value  of  his  work,  without  di 
minishing  its  apparent  value. 

II.  Novelty-hunting,  and  the  false  use  of  precedent,  are 
the  Scylla  and  Charybdis  between  which,  the  many,  and  the 
architects  of  the  many,  are  forever  destined  to  be  wrecked. 
It  is  possible,  however,  to  fall  into  both  at  once. 

That  nothing  is  beautiful  which  is  without  motive,  most 
of  the  thinking  will  admit ;  yet  it  is  necessary  to  add,  that 
novelty  and  antiquity  are  no  admissible  motives,  But  though 
age  affords  no  reason  whatever  for  the  adoption  of  any  thing, 
it  gives  every  reason  for  its  examination  and  study. 

III.  We  cannot  too  strongly  instil  into  the  reader,  that 
while  novelty  is  in  itself  neither  a  beauty  nor  a  fault,  but  to 
tally  immaterial, — novelty  sought  for  its  own  sake  is  the  des 
truction  of  art.    The  end  of  art  is  truth.    The  instant  it 
proposes  any  other  aim,  (be  it  novelty,  or  to  "  catch  the 
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spirit"  of  a  particular  time  or  place,  i.  e.}  mimicry,  or  any 
other  fancy  J  it  ceases  to  be  art ;  and  what  is  not  art,  is  not 
architecture.  Aim  at  catching  the  spirit  of  all  true  archi 
tecture,  not  that  of  any  one  style, — still  less,  of  a  notorious 
ly  fa ke  style. 

IY.  If,  as  we  have  also  endeavored  to  instil,  the  main 
distinction  between  artists  is,  that  some  strive  to  put  as 
much  thought  as  possible  into  a  given  work,  and  others  to 
do  that  work  with  as  little  thought  as  possible, — then,  if 
one  of  these  principles  be  art,  it  follows  that  the  other  is  not 
merely  its  absence,  but  its  opposite  , — not  a  mere  negation, 
but  an  active  principle,  for  which,  finding  no  name  used,  I 
would  propose  the  teno.  anti-art.* 

A  very  small  portion  of  anti-art  peeping  out,  is  enough  to 
destroy  all  our  pleasure  in  a  work  of  art.  Witness  the  pots 
and  cowls  that  finish  the  sky-line  of  most  of  our  piles  of 
architecture.  A  foreigner  would  think  this  nation  bankrupt, 
to  judge  by  the  innumerable  public  buildings  standing  unfi 
nished,  covered  with  these  hideous  make-shifts. 

Y.  The  highest  beauty  is  fitness.  Therefore,  when  you 
see  a  thing  highly  beautiful,  beware  of  copying  il  till  after 
mature  study  ;  for  the  more  beautiful  (i. «.,  the  fitter)  it 
may  be  in  its  situation,  the  less  likely  to  be  fit  (i.  e.,  beauti 
ful)  in  any  other. 

Those  who  wonder  why  architects  often  condemn  what 
other  persons  of  good  taste  admire,  seem  to  forget  that  the 
latter  cannot  distinguish  what  belongs  to  the  designer,  from 
what  belongs  to  the  theory  of  his  art  as  he  found  it,  and 

*  Here  is  the  simplest  instance  I  can  find,  which  -will  display  the  two  principles, 
Tne  reader  knows  the  oM  established  way  of  cutting  the  stones  of  an  arch  in  ru»ti- 
cated  masonry,  each  stone  presenting;  a  five-sided  face:  well,two  other  modes  have 
lately  been  adopted,  each  making  the  faces  of  the  stones  four-sided.  In  one,  the 
•voussoirs  are  alternately  long  and  short,  like  battlements  ;  in  the  other,  their  ex- 
trades  is  cut  to  a  regular  curve.  Persons  of  taste,  however,  prefer  the  old  method, 
but  without  knowing  why.  Now  I  will  tell  you  why.  Just  sketch  the  three  on 
paper,  and  you  will  perceive  that  the  old  is  t»y  far  the  most  troublesome  to  design, 
yet  gives  the  least  work  to  the  mason;  having  fewest  oblique  joints  Thought  is 
expended  to  save  manual  labor.  But  in  both  the  new  modes,  mental  labor  is  saved 
at  the  expense  of  the  manual.  The  first  is  art,  the  ot 
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which  not  only  the  true  artist  learns,  but  even  the  most  ig 
norant  falls  into,  as  we  inevitably  fall  into  the  habits  of 
those  around  us.  But  the  eye  of  an  architect  has  acquired 
the  power  of  instantly  separating  these  two  parts  of  the  de 
sign,  setting  aside  the  one  as  a  mere  matter  of  routine,  but 
singling  out  and  fixing  itself  on  whatever  is  the  designer's 
:>wn.  Now,  if  we  perceive  that  all  the  beauty, — all  the 
truth  in  the  building,  belongs  to  the  former  portion  ;  that 
v>-  atever  belongs  to  the  designer,  whatever  is  new, — is  false, 
— is  adopted  either  for  novelty,  or  to  save  thought,  or  for 
affectation,  or  for  anti-art,  we  condemn  the  work,  and  just 
ly  :  for  what  avails  it  to  have  been  correct  as  far  as  rules 
and  precedent  would  apply,  if  wherever  he  has  acted  for  him 
self  he  has  sinned  ?  What  avails  it  to  have  repeated  truly 
the  990  words  for  which  he  could  find  authority,  if  the  10 
which  he  was  obliged  to  add  are  all  false  ?  It  is  these  teiu 
done  that  show  whether  he  is  an  artist  or  not  ;  and  these- 
things,  though  small,  and  escaping  the  casual  glance  of  the- 
public,  glare  to  our  eyes  as  huge  blots,  totally  defacing  the 
coutinc  beauty  ;  though  that  may  form  the  major  portion  of 
the  work,  and  may  cause  the  uninformed  to  regard  it  as 
phasing  on  th&  whoh. 

Beware  of  mistaking  this  on.  the,  whole,  for  as  a  whole.  Sir 
Joshua  Reynolds  observes,  that  "  the  totally  ignorant  be 
holder,  like  the  ignorant  artist,  cannot  comprehend  a  whole,, 
nor  even  what  it  means.7'  When  such  speak  of  the  effect 
as  a  whok,  they  mean  on  the  whole.  The  effect  to  them  ia 
pleasing,  if  it  contain  a  majority  of  pleasing  parts. 

Such  are  now  the  most  influential  judges  of  art.  By  a 
singular  inconsistency,  those  who  constantly  profess  to  be  no 
judges,  are  really  the  style-formers.  They  say,  "  We  know 
nothing  of  the  art,  but  we  know  what  pleases  us."  But 
what  does  this  assume  ?  Plainly,  that  the  art  is  intended  to 
please  Mem.  This  is  the  grand  art-destroying  error.  No 
true  art  is,  or  ever  was,  meant  to  please  the  many,  but  ta 
teach  them  when  to  be  pleased. 
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In  limiting,  we  fear,  the  number  of  true  artists,  it  must 
be  remembered  that  one  may  be  a  true  artist  without  being 
a  master,  or  any  thing  like  one.  The  difference  is  this;  most 
buildings  are  so  transparent,  that  we  look  at  their  front,  and 
see  through  to  the  back  of  the  designer's  mind.  According 
to  the  proportions  we  see  of  thought-spending  or  thought-sav 
ing  spirit,  so  we  admire  or  condemn  ;  and  when  we  can  dis 
cern  no  self-sparing,  no  anti-art,  we  pronounce  the  work 
purely  elegant ;  but  not  necessarily  masterly.  The  work  of  a 
master  is  equally  or  even  more  transparent ;  but  though  the 
eye  pierce  deeper,  and  perhaps  find  more  faults,  it  cannot 
reach  the  bottom.  Admire  as  much  as  we  may,  we  perceive 
that  there  is  more  beyond,  left  unadmired. 

The  few  principles  which  we  have  endeavored  to  elicit  or 
explain  in  this  volume,  have  been  arranged  in  an  upward 
progression,  from  narrow  and  particular,  to  wider  and  more 
general  ones.  We  first  tried  to  distinguish  the  different 
grades  of  beauty  in  building,  and  assign  them  their  true  re 
lative  ranks.  Thus  color,  whose  laws  of  harmony  are  purely 
physical,  came  before  uniformity,  which  appears  sometimes 
addressed  to  the  sense,  and  sometimes  to  the  mind.  Beauty 
of  outline,  being  wholly  addressed  to  the  mind,  though  per 
haps  to  its  lowest  faculties,  came  next,  and  was  traced  to 
the  union  of  unity  and  variety,  which  union  is  to  be  effected 
in  two  ways, — by  gradation,  and  by  contrast.  Proceeding, 
then,  from  unmeaning  beauty  to  that  which  is  distinguishable 
into  classes, ,  we  showed  that  its  two  opposite  characters — 
grandeur  and  elegance — depended  on  the  comparative  preva 
lence  of  these  two  principles — contrast  and  gradation.  Ac 
cording  to  the  relative  proportions  of  these,  we  divided  all 
possible  forms  into  five  classes,  and  insisted  on  the  obser 
vance  of  the  natural  disposition  and  subordination  of  these 
classes  one  to  another,  as  practised  in  all  the  pure  and  ad 
mired  styles.  This  we  regard  as  the  most  important  princi« 
pie  in  mere  gemetric  design,  apart  from  constructive  and 
<  other  fitness. 
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We  then  considered  the  two  cognate  qualities  of  sublimity 
and  pkJuresqu&ncss,  referring  the  former  chiefly  to,  1.  The 
prevalence  of  contrast,  and  rarity  or  absence  of  gradation  ; 

2.  The  expression  of  mechanical  power  in  the  construction  ; 

3.  The  principle  by  painters  called  breadth,  i.  e.,  the  collection 
of  every  thing  or  quality  into  great  unbroken  accumulations  ; 

4.  A  quality  we  called  dypth,  the  reverse  of  flatness  or  shal- 
lowness.     On  the  difficult  subject  of  picturesqueness,  we  sim 
ply  gave  the  notions  of  Ruskin,  that  it  arises  from  the  same 
qualities  that  would  be  sublime  in  the  subject  itself,  attach 
ing  themselves  not  to  its  essence,  but  to  some  accident,  as 
light  and  shade,  color,  situation,  state  of  decay,  &c. 

We  next  considered  how  nature  should,  be  imitated,  with 
generalization,  i.  c.,  by  taking  all  possible  objects  that  have 
the  character  we  want  to  give,  extracting  all  that  they  have 
in' common,  and  rejecting  what  is  peculiar  to  each.  We  in 
sisted  on  the  same  method  as  necessary  in  the  imitation  of 
masters,  styles,  and  manners  ;  and  endeavored  to  distinguish 
between  true  and  false  imitation,  or  copyism.  Another  kind 
of  false  imitation,  viz.,  deception,  was  then  considered  ;  the 
grievous  error  of  regarding  it  as  an  object  of  art,  the  totaJ 
destruction  thereby  fallen  on  popular  art,  and  the  great 
caution  necessary  for  the  thoughtful,  who  would  escape  this 
defilement.  Connected  with  this,  we  endeavor  to  enforce 
constructive  truth,  or  the  non-disguise  of  the  real  statical  prin 
ciples  of  the  construction  ;  arid  lastly  (a  principle  hitherto 
totally  neglected  by  the  moderns, )  constructive  unity,  or  the 
consistent  adherence  to  one  statical  method  throughout  a 
building. 

The  two  short  reviews  of  the  "  pure  styles"  afford  the 
reader  particular  instances  and  modifications  of  these  prin 
ciples,  and  perhaps  of  some  higher  ones. 

Pure  architecture,  then,  may  be  regarded  as  consisting  in 
the  combination  of  constructive  and  decorative  TRUTH,  in 
their  wiriest  sense,  or  of  constructive  and  decorative  UNITY. 

This  union  was  anciently  sought  by  all  nations, — attained 
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by  the  Greeks  alone, — dissolved  by  the  Roman  introduction 
of  the  arch, — gradually  lost  by  the  increasing  admixture  ot 
that  constructive  principle, — RESTORED  by  its  total  adoption, 
to  the  exclusion  of  all  other  apparent  construction, — and  a 
second  time  lost  by  the  increase  of  tensile  construction  and 
the  indiscriminate  mixture  of  all  constructive  methods. 

Since  this  second  degradation  of  the  art,  however,  many 
great  artists  have  lived,  especially  in  Italy,  a  country  which 
has  never  attained  a  system  of  constructive  unity.  For,  ex 
cept  the  pseudo-Greek  buildings  of  the  empire,  and  the 
pseudo-Gothic  pile  of  Milan  cathedral,  with  a  few  other 
exotic  importations,  it  has  never  seen  a  building  possessing 
even  the  appearance  of  constructive  unity.  Such  a  country 
is  that  in  which  we  might  look  for  the  development  of  a  style 
suitable  to  the  mixed  construction  practised  for  the  last  three 
centuries  ;  and,  accordingly,  in  that  country,  such  a  style 
did,  after  many  ages  of  unsuccessful  efforts,  at  length  appear, 
under  the  constellation  of  artists  that  adorned  the  fifteenth 
and  sixteenth  centuries.  The  system  then  developed  was  a 
new  one,  though  composed  of  classic  details.  It  affords  more 
scope  for  variety  in  general  arrangement  than  either  of  the 
pure  systems, — certainly  more  than  any  impure  ones ;  and  it 
possesses  a  pliancy  that  may  be  bent  to  all  the  purposes 
probably  that  can  ever  be  required  in  buildings  of  mixed 
construction.  As  long  as  such  construction  prevails,  we  may 
safely  predict  the  continued  prevalence  of  this  architecture 
among  the  thinking. 

But  the  two  pure  systems,  perhaps  it  will  be  said,  are 
things  too  good  ever  to  be  entirely  given  up.  If  so,  far  more 
are  they  too  good  to  be  abused  and  caricatured.  If  they  are 
worth  copying  at  all,  they  are  worth  copying  completely  ; 
and  this  can  never  be  done  but  by  copying  their  construction 
as  well  as  their  decoration.  If  modern  habits  or  means  will 
not  permit  this,  they  will  not  permit  the  old  style.  Count 
the  cost,  therefore.  ,If  you  want  to  imitate  the  archless 
style,  your  building  must  be  archless,  or  a  huge  lie.  If  yoi 
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imitate  the  beamless  style,  it  must  be  beamless ;  and  every 
unvaulted  building,  ancient  or  modern,  that  apes  this  style, 
is  a  motiveless  and  unmeaning'  sham. 

Not  less  preposterous  than  the  attempt  to  revive  dead 
styles,  is  the  requirement  to  invent,  for  ordinal*}  buildings,  a 
new  one.  As  long  as  we  have  no  new  style  in  construction, 
we  can  have  none  in  architecture  ;  but  if  we  call  the  mixed 
construction  a  new  kind,  we  haw  a  new  style  adapted  to  it, 
— a  modern,  a  living  style  ;  the  growth  of  modern  circum 
stances  and  of  the  existing  modes  of  construction  : — -ww, 
moreover,  inasmuch  as  we  are  only  on  the  threshold  of  its 
possible  combinations  and  varieties,  far  more  inexhaustible 
than  those  of  either  of  the  pure  systems.  In  this  country 
particularly,  the  beauties  of  the  modern  architecture  are 
hardly  known,  nor  can  it  be  said  to  have  ever  had  a  fair  trial, 
or  indeed  any  trial  in  more  than  one  or  two  classes  of  build 
ings.*  It  would  be  ridiculous  self-conceit  in  an  architect,  to 
pretencl  wilfully  to  go  back  and  try  to  solve  anew  that  which 
has  been  already  solved,  and  only  by  the  succession  of  a  long 
line  of  great  artists.  He  can  never  hope  to  overtake  them 
with  such  a  start  in  their  favor  ;  while  by  commencing  from 
the  point  they  reached,  the  poorest  talents  may  advance 
beyond  them. 

But  while  no  inventive  architect  would  wish  for  a  new 
style,  convinced  that  there  is  far  more  scope  for  variety  and 
new  combination  in  one  already  enriched  with  the  accumulated 
genius  of  three  centuries ;  it  is  certain  that,  in  another  point 
of  view,  a  new  style  is  indispensable.  There  is  a  class  of 
buildings  tending  towards  a  new  style  of  construction, — be 
coming  less  mixed  in  this  respect, — and  approaching  a  con 
sistent  use  of  tensile  covering  to  the  exclusion  of  every  other. 

*  '.Vhat  are  called  classic  churches,  for  instance,  are  for  the  most  part,  niera 
anti-art,  no  more  Classic  than  they  are  Chinese  Wren  had  no  opportunity  of 
erecting  a  handHoma  parish  church.  His  pupiln  fell  either  into  littlcneBB  or 
Borominian  corruption  ;  and  since  their  time,  there  have  only  been  holo-in-the- 
wall  pwaohinft  rooms,— sham  temples,— arid  now  pReudo-Gothicettquo  l>arnn,  copies 
of  copies  by  mediaeval  village  masona,  England  does  not  possess  a  modern  churok 
in  the  modern  style. 
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To  this  third  pystem  of  constructive  unity,  there  is  NO  old 
style  adapted.  None  was  invented  for  it.  It  is  a  new  thing, 
and  its  treatment  must  be  NEW, — new,  because  subject  to  old 
principles ;  and  to  be  effected  only  by  a  patient  search  intc 
those  old  principles.  Let  us  not  mistake  what  we  have  to  do. 
It  is  that  which  has  been  clone  only  twice  before  ;  in  the  time 
of  Dorus,  and  in  the  thirteenth  century.  We  must  carefully 
attend  to  the  modes  by  which  it  was  effected  on  both  those 
occasions.  On  the  first  it  was  done  most  perfectly.  There 
was  the  least  to  do.  There  was  no  lumber  of  a  rotten  system 
to  sweep  away.  There  was  falsehood  indeed  to  rectify,  but 
it  was  only  decorative,  not  constructive,  and  probably  un 
backed  by  prejudices  and  precedent.  The  second  purification 
was  less  complete,  but  more  like,  in  circumstances,  to  that 
now  required.  Its  grand  impediments  were  prejudices  in 
favor  of  old  but  useless  forms,  and  against  an  useful  member 
(the  buttress,),  under  the  notion  that  it  was  unarchitectural. 
So  is  it  now.  The  method  of  tying  buildings  together,  (said 
Wren,)  instead  of  giving  the  arches,  &c.,  sufficient  butment, 
is  contrary  to  the  principles  of  sound  architecture.  Yes, 
contrary  to  the  only  two  systems  of  architecture  known  to 
him  or  to  us,  but  not  therefore  contrary  to  all  possible 
systems.  A  Greek  would  have  condemned  thus  the  method 
of  wedging  stones  together  by  lateral  pressure  ;  and  after 
this  method  was  introduced  and  used  in  all  buildings,  it  was 
fifteen  centuries  before  architects  could  be  brought  to  admit 
the  appearance  of  this  lateral  pressure.  For  a  still  longdV 
period  has  tension  been  a  principle  of  building,  and  yet  not 
of  architecture  ;  much  longer  Las  the  tie  been  struggling  for 
admission,  and  been  refused.  As  nothing  was  effected  to 
wards  the  development  of  the  second  system  till  the  arcb 
covering  became  universal, — till  a  building  became  beamkss : 
so  can  no  advance  toward  the  third  be  expected  till  thin 
constructive  principle  becomes  universal,  in  the  widest  cover 
ing  and  in  the  narrowest, — till  a  building  be  erected  botb 
without  lintel  and  without  Imtmmt 
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If  the  retaining  of  useless  entablatures  after  their  office 
was  superseded  by  the  arch,  was  a  falsehood  and  a  hindrance 
necessary  to  be  swept  away  before  any  progress  could  be 
effected, — have  we  not  a  perfect  parallel  in  the  retaining  of 
useless  buttresses  after  their  duty  has  been  superseded  by  the 
tie? 

There  is,  among  other  art-destroying  fallacies,  a  notion 
now  prevalent,  that  architectural  styles  spring  up  of  them 
selves,  and  that  if  we  wait  long  enough,  in  process  of  time  a 
new  one  may  grow  up,  we  know  not  how,  A  new  railway 
is  more  likely  to  grow  up.  Decorative  manners,  fashions,  are 
not  to  be  confounded  with  a  new  style,  still  less  with  a  new 
system,  such  as  THE  TWO,  the  only  two,  that  possess  con 
structive  and  decorative  unity.  Yet  even  a  new  fashion  does 
not  corne  unsought, — without  search  after  novelty.  Far  less 
can  an  architectural  system  arise  but  by  an  earnest  and 
rightly  directed  search  after  TRUTH.  For  five  thousand  years 
have  all  the  nations  beyond  the  radius  of  Greek  influence 
sought  a  true  system  of  beam  architecture,  and  never  found 
it.  For  fifteen  centuries  did  Europeans  use  the  arch,  and 
seek  a  system  of  arch  architecture,  before  they  found  it.  For 
a  much  longer  time  have  Arabs,  Turks,  Chinese,  sought  the 
same,  and  never  attained  it.  For  twenty  centuries  did  the 
Italians  practise  mixed  construction,  and  seek  a  system 
thereof,  before  they  attained  it.  Let  us  not  deceive  ourselves : 
a  style  never  grow  of  itself ;  it  never  will  It  must  be  sought, 
and  sought  the  right  way.  We  may  blunder  on  in  a  wrong 
path  forever,  and  get  no  nearer  the  goal. 

A  new  style  requires  the  generalized  imitation  of  nature 
and  of  many  previous  styles ;  and  a  new  system  requires,  in 
addition  to  this  (as  Professor  Whewell  has  remarked),  the 
binding  of  all  together  by  a  new  principle  of  unity,  clearly 
understood,  agreed  upon,-  and  kept  constantly  in  view.  Con 
structive  statics  affords  three  such  principles, — the  DKPRESSILE, 
the  COMPRBSSILE,  and  the  TENSILE  methods, — the  learn — the 
arch—  the  truss ;  of  which  the  two  former  have  been  mad,e 


264  HISTORY  AND  RUDIMENTS 

the  bases  of  past  systems :  the  third  is  ours,  to  be  used  ir, 
the  same  manner. 

Such  I  believe  to  be  the  problem  Truth  propounds  to  the 
architects  of  the  present  time  ;  but  its  solution  will  be  found 
utterly  hopeless,  as  long  as  we  indulge  any  hankering  after 
novelty  for  its  own  sake;  any  mean  disposition  to  follow  in 
stead  of  correcting  popular  taste;  and  above  all,  let  none 
dare  attempt  it  till  we  have  engraved  on  our  compasses  a 
haeknied  sentence,  but  one  which  I  suspect  to  contain  nearly 
the  whole  theory  of  art, — SEEK  NOT  TO  SEEM  WHAT  YOU 

WOULD  BE,  BUT  TO  BE  WHAT  YOU  WOULD  SEEM. 


ANCIENT    MONUMENTS   OF   GREECE, 


EVERY  one  can  understand  the  regret  with  which  we 
behold  the  remains  of  ancient  grandeur,  and  the  capitals  os 
buried  empires.  This  feeling,  so  profound  in  Jerusalem  and 
Rome,  is  even  more  so  in  Athens, — 

"  the  eye  of  Greece,  mother  of  arts 
And  eloquence,  native  to  famoiis  wits, 
Or  hospitable — " 

a  city  never  so  large  as  New  York,  but  whose  inhabitants 
produced  within  the  short  space  of  two  centuries,  reckoning 
from  the  battle  of  Marathon,  as  Landor  says,  a  larger  number 
of  exquisite  models,  in  war,  philosophy,  patriotism,  oratory, 
and  poetry — in  the  semi-mechanical  arts  which  accompany 
or  follow  them,  sculpture  and  painting — and  in  the  first  of 
the  mechanical,  architecture,  than  the  remainder  of  Europe 
in  six  thousand  years. 

The  monuments  of  antiquity  which  still  exist  in  Athens 
have  been  described  by  Chandler,  Clarke,  Gell,  Stuart,  Dod- 
well,  Leake,  and  other  travellers,  the  most  recent  and  com 
petent  of  whom  perhaps  is  Mr.  Henry  Cook,  of  London, 
author  of  Illustrations  of  a  Tour  in  the  Ionian  Islands, 
Q-reece,  and  Constantinople^  who  has  just  made  for  the 
Art- Journal  a  series  of  drawings  of  those  which  are  most 
important,  representing  them  in  their  present  condition. 
These  drawings  by  Mr.  Cook,  we  have  partially  repro 
duced  in  the  present  volume,  making  liberal  use  at  the  same 
time  of  Ins  descriptions. 

Until  the  sacrilegious  hand  of  the  late  Lord  Elgin  despoiled 
Athens  of  "what  Goth,  and  Turk,  and  Time  had  spared," 
the  world  could  still  see  enough  to  render  possible  a  just 
23 
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impression  of  her  old  and  chaste  magnificence.  It  is  painful 
to  reflect  within  how  comparatively  short  a  period  the  chief 
injuries  have  been  inflicted  on  such  buildings  as  the  Parthenon 
and  the  temple  of  Jupiter  Olympus,  and  to  remember  how 
recent  is  the  greater  part  of  the  rubbish  by  which  these  edifices 
have  been  choked  up,  mutilated,  and  concealed.  Probably 
until  within  a  very  few  centuries,  time  had  been  simply  and 
alone  the  ubeautifier  of  the  dead,"  "adorner  of  the  ruin," 
and,  but  for  the  vandalism  of  a  few  barbarians,  we  might 
have  gazed  on  the  remains  of  former  greatness  without  an 
emotion  except  of  admiration  for  the  genius  by  which  they  were 
created.  The  salient  feature  (probably  the  only  one)  in  the 
present  rule  at  Athens  is  one  which  affords  the  highest  satis 
faction  to  those  interested  in  this  subject.  Slowly,  indeed, 
and  with  an  absence  of  all  energy,  is  going  on  the  restora 
tion  of  some,  the  disinterment  of  others,  and  the  conserva 
tion  of  all  the  existing  monuments ;  and  time  will  probably 
ere  long  give  us  back,  so  far  as  is  possible,  all  that  the  van 
dalism  or  recklessness  of  modern  ages  lias  obscured  or 
destroyed.  On  the  Acropolis  the  results  of  these  efforts  at 
restoration  are  chiefly  visible;  day  by  day  the  debris  of 
ruined  fortifications,  of  Turkish  batteries,  mosques,  and  maga 
zines,  are  disappearing ;  every  thing  which  is  not  Pentelic 
marble  finds  its  way  over  the  steep  sides  of  the  fortress,  and 
in  due  time  nothing  will  be  left  but  the  scattered  fragments 
which  really  belonged  to  the  ancient  temples.  "  The  details," 
says  Mr.  Cook, "  of  the  partial  destruction  of  this  old  fortress — 
founded  1556  years  before  the  advent  of  the  Saviour — undei 
the  fire  of  the  Venetians,  commanded  by  Morosini,  are  so  well 
known,  that  I  have  thought  it  unnecessary  to  repeat  them  ;  but 
ii  is  impossible  to  recall  them  without  a  shudder,  as  the  reflec 
tion  is  forced  on  one,  of  what  must  have  been  their  fate  whose 
wickedness  caused  an  explosion  which  could  scatter,  as  a 
horse's  hoof  may  the  sands  of  the  sea-shore,  the  giant  masses 
which  for  ever  bear  witness  to  the  power  of  that  mighty 
agent  we  havtf  evoked  from  the  earth  for  our  mutual  deatruc- 
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tion."  At  the  west  end  of  the.  Acropolis,  by  which  alone  it 
was  accessible,  stood  the  Propylsea,  its  gate  as  well  as  its> 
defence.  Through  this  gate  the  periodical  processions  of  the 
Panathenaic  jubilee  were  wont  to  move,  and  the  marks  of 
chariot  wheels  are  still  visible  on  the  stone  floor  of  its 
entrance.  It  was  of  the  Doric  order,  and  its  right  wing  was 
supported  by  six  fluted  .columns,  each  five  feet  in  diameter, 
twenty-nine  in  height,  and  seven  in  their  intercoluinniation. 
"  Here  perhaps  the  chief  work  has  been  accomplished  ;  all  the 
now  detached  columns  were  built  up  with  solid  brickwork, 
batteries  were  erected  on  the  spot  occupied  by  the  Temple 
of  *  Victory  without  wings/  and  on  the  square  which 
answered  to  it  on  the  opposite  side  of  the  flight  of  marble 
steps  ;  the  whole  of  which  were  deeply  buried  (not  until  they 
had  severely  suffered),  beneath  the  ruins  of  the  fortification 
which  crumbled  away  under  the  Venetian  guns.  These 
walls  have  been  removed,  the  batteries  destroyed,  and  the 
material  of  which  they  were  composed  taken  away ;  the 
steps  exhumed,  and  the  five  grand  entrances,  by  which  the 
fortress  was  originally  entered,  opened,  although  not  yet 
rendered  passable.  It  would  be,  I  imagine,  impossible  to 
conceive  an  approach  more  magnificent  than  this  must  have 
been.  The  whole  is  on  such  a  superb  scale,  the  design,  in 
its  union  of  simplicity  and  grandeur,  is  so  perfect,  the 
material  so  exquisite,  and  the  view  which  one  has  from  it  of 
the  Parthenon  and  the  Erechtheum  so  beautiful,  that  no 
interest  less  intense  than  that  which  belongs  to  these  temples 
would  be  sufficient  to  entice  the  stranger  from  its  contem 
plation," 

On  the  right  wing  of  the  Prop3rlsea  stood  the  temple  of 
Victory,  and  on  the  left  was  a  building  decorated  with 
paintings  by  the  pencil  of  Polygnotus,  of  which  Pausanias 
has  left  us  an  account.  In  a  part  of  the  wall  still  remaining 
there  are  fragments  of  excellent  designs  in  basso-relievo, 
representing  the  combat  of  the  Athenians  with  the  Amazons ; 
besides  six  columns,  white  as  snow,  and  of  the  finest  arehitec* 
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ture.  Near  the  Propylaea  stood  the  celebrated  colossal 
statue  of  Minerva,  executed  by  Phidias  after  the  battle  of 
Marathon,  the  height  of  which,  including  the  pedestal,  was 
sixty  feet. 

The  chief  glory  of  the  Acropolis  was  the  Parthenon,  or 
temple  of  Minerva.  It  was  a  peripteral  octostyle,  of  the 
Doric  order,  with  seventeen  columns  on  the  sides,  each  six 
feet  two  inches  in  diameter  at  the  base,  and  thirty-tour  feet 
in  freight,  elevated  on  three  steps.  Its  height,  from  the  base 
of  the  pediments,  was  sixty-five  feet,  and  the  dimensions  of 
the  area  two  hundred  and  thirty-three  feet,  by  one  hundred 
and  two.  The  eastern  pediment  was  adorned  with  two 
groups  of  statues,  one  of  which  represented  the  birth  of 
Minerva,  the  other  the  contest  of  Minerva  with  Neptune  for 
the  government  of  Athens.  On  the  metopes  was  sculptured 
the  battle  of  the  Centaurs  with  the  Lapithse  ;  and  the  frieze 
contained  a  representation  of  the  Panathenaic  festivals. 
Ictinus,  Callicrates,  and  Carpion,  were  the  architects  of 
this  temple;  Phidias  was  the  artist;  and  its  entire  cost  has 
been  estimated  at  seven  million  and  a  half  of  dollars.  Of 
this  building,  eight  columns  of  the  eastern  front  and  several 
of  the  lateral  colonnades  are  still  standing.  Of  the  frontis 
piece,  which  represented  the  contest  of  Neptune  and  Minerva, 
nothing  remains  but  the  head  of  a  sea-horse  and  the  figures 
of  two  women  without  heads.  The  combat  of  the  Centaurs 
and  Lapithse  is  in  better  preservation  ;  but  of  the  numerous 
statues  with  which  this  temple  was  enriched,  that  of  Adrian 
alone  remains.  The  Parthenon,  however,  dilapidated  as  it 
is,  still  retains  an  air  of  inexpressible  grandeur  and  sublimity  ; 
and  it  forms  at  once  the  highest  point  in  Athens,  and  the 
centre  of  the  Acropolis. 

To  stand  at  the  eastern  wall  of  the  Acropolis,  and  gaze  on 
the  Parthenon,  robed  in  the  rich  colors  by  which  time  has 
added  an  almost  voluptuous  beauty  to  its  perfect  proportions 
— to  behold  between  its  columns  the  blue  mountains  of  the 
Morea,  and  the  bluer  seas  of  Egina  and  Salamis,  with  acan- 
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thus-covered  or  ivy-wedded  fragments  of  majestic  friezes,  and 
mighty  capitals  at  your  feet — the  sky  of  Greece,  flooded  by 
the  gorgeous  hues  of  sunset,  above  your  head — Mr.  Cook 
describes  as  one  of  the  highest  enjoyments  the  world  can 
offer  to  a  m  in  of  taste.  He  is  opposed  to  the  projects  of  its 
restoration,  and  says  that,  "  to  real  lovers  of  the  picturesque, 
ilie  Parthenon  as  it  now  stands — a  ruin  in  every  sense  of 
the  term,  its  walls  destroyed,  its  columns  shivered,  its  friezes 
scatteied,  its  capitals  halt-buried  by  their  own  weight,  but 
clear  of  all  else — is,  if  not  a  grander,  assuredly  a  more  im 
pressive  object  than  when,  in  the  palmiest  days  of  Athenian' 
glory,  its  marble,  pure  as  the  unfalltm  snow,  iirst  met  the 
rays  of  the  morning  sun,  and  excited  the  reverential  admira 
tion  of  the  assembled  multitudes." 

On  the  northeast  side  of  the  Parthenon  stood  the  Erech- 
theum,  a  temple  dedicated  to  the  joint  worship  of  Neptune 
and  Minerva.  There  are  considerable  remains  of  this  build 
ing,  particularly  those  beautiful  female  figure:*  called  Cary 
atides,  which  support,  instead  of  columns,  three  of  the  porti 
coes  ;  besides  three  of  the  columns  in  the  north  hexastylo 
with  the  roof  over  these  last  columns.  The  rest  of  the  roof 
of  this  graceful  portico  fell  during  the  siege  of  Athens,  in 
1827.  Lately  much  has  been  done  in  the  way  of  excavation  ; 
the  buried  base  of  this  tripartite  temple  has  been  cleared ; 
the  walls,  which  had  been  built  to  make  it  habitable,  have 
been  removed ;  the  abducted  Caryatid  replaced  "by  a  modern 
copy,  the  gift  of  Lord  Guildforcl,  and  the  whole  prepared  tor 
a  projected  restoration. 

The  Temple  of  Victory  without  wings,  already  mentioned, 
is,  with  the  exception  of  the  pavement,  entirely  a  restoration  ; 
for  nearly  two  centuries  all  trace  of  it  was  lost,  all  mention 
omitted.  In  removing  one  of  the  Turkish  batteries,  in  order 
to  clear  the  entrance  to  the  Propyl«ea,  some  fragments  were 
found  which  led  to  a  more  minute  investigation ;  and,  after 
a  short  time,  the  foundation,  the  pavement,  and  even  the 
bases  of  some  of  the  columns  were  disinterred,  making  its 
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reconstruction  not  only  very  easy,  but  extremely  satisfactory 
It  is  small,  but  of  exquisite  proportions,  and  now  perfect, 
with  the  exception  of  a  portion  of  the  frieze,  which  is  in  the 
British  Museum.  A  peculiarity  of  this  temple  is,  that  it 
stands  at  an  angle  slightly  differing  from  that  of  the  Propy- 
Isea  itself, — a  fact  for  which,  as  it  clearly  formed  one  of  the 
chief  ornaments  to,  and  was  certainly  built  after,  this  noble 
portico,  it  is  difficult  to  assign  any  very  good  reason. 

Such  is  an  outline  of  the  chief  buildings  of  the  Acropolis, 
which,  in  its  best  days,  had  four  distinct  characters ;  being 
at  once  the  fortress,  the  sacred  inclosure,  the  treasury,  and 
the  museum  of  art,  of  the  Athenian  nation.  It  was  an  entire 
offering  to  the  deity,  unrivalled  in  richness  and  splendor  ;  it 
was  the  peerless  gem  of  Greece,  the  glory  and  the  pride  of 
genius,  the  wonder  and  envy  of  the  world. 

Beneath  the  southern  wall  of  the  Acropolis,  near  its  extre 
mity,  was  situated  the  Athenian  or  Dionysiac  theatre.  Its 
seats,  rising  one  above  another,  were  cut  out  of  the  sloping  rock. 
Of  these,  only  the  two  highest  TOWS  are  now  visible,  the  rest 
being  concealed  by  an  accumulation  of  soil,  the  removal  of 
which  would  probably  bring  to  light  the  whole  shell  of  the 
theatre.  Plato  affirms  it  was  capable  of  containing  thirty 
thousand  persons.  It  contained  statues  of  all  the  great 
tragic  and  comic  poets,  the  most  conspicuous  of  which  were 
naturally  those  of  JEschylus,  Sophocles,  and  Euripides, 
among  the  former,  and  those  of  Aristophanes  and  Menander 
among  the  latter.  On  the  southwest  side  of  the  Acropolis  is 
the  site  of  the  Odeum,  or  musical  theatre  of  Herodes  Atticus, 
named  by  him  the  theatre  of  Regilla,  in  honor  of  his  wife. 
On  the  northeast  side  of  the  Acropolis  stood  the  Prytaneum, 
where  citizens  who  had  rendered  services  to  the  state  were 
maintained  at  the  public  expense.  Extending  southwards 
from  the  site  of  the  Prytaneum,  ran  the  street  to  which 
Pausanias  gave  the  name  of  Tripods,  from  its  containing  a 
number  of  small  temples  or  edifices  crowded  with  tripods,  to 
commemorate  the  triumphs  gained  by  the  Choragi  in  th* 
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theatre  of  Bacchus.  Opposite  to  the  west  end  of  the  Acro 
polis  is  the  Areopagus,  or  hill  of  Mars,  on  the  eastern  ex 
tremity  of  which  was  situated  the  celebrated  court  of  the 
Areopagus.  This  point  is  reached  by  means  of  sixteen 
stone  steps  cut  in  the  took,  immediately  above  which  is  a 
bench  of  stone,  forming  three  sides  of  a  quadrangle,  like  a 
triclinium,  generally  supposed  to  have  been  the  tribunal. 
The  ruins  of  a  small  chapel  consecrated  to  St.  Dionysius  the 
Areopagite,  and  commemorating  his  conversion  by  St.  Paul, 
are  here  visible.  About  a  quarter  of  a  mile  southwest  from 
the  centre  of  the  Areopagus  stands  Pnyx,  the  place  provided 
for  the  public  assemblies  at  Athens  in  its  palmy  clays.  The 
steps  by  which  the  speaker  mounted  the  rostrum,  and  a  tier 
of  three  seats  hewn  in  the  solid  rock  for  the  audience,  are 
still  visible.  This  is  perhaps  the  most  interesting  spot  in 
Athens  to  the  lovers  of  Grecian  genius,  being  associated  with 
the  renown  of  Demosthenes,  and  the  other  famed  Athenian 
orators, 

"  whose  resistless  eloquence 
Wielded  at  will  that  fierce  democratie, 
Shook  the  arsenal,  and  fulmined  over  G-reeee, 
To  Macedoii,  and  Artaxerxes'  throne," 

Descending  the  Acropolis,  the  eye  is  at  once  arrested  by 
the  magnificent  remains  of  the  temple  of  Jupiter  Olympus, 
and  by  the  Arch  of  Hadrian.  Whether  from  its  proximity 
to  the  gorgeous  monument  first  named,  or  that  it  is  intrinsi 
cally  deficient  in  that  species  of  merit  which  appeals  directly 
to  the  senses,  the  Arch,  of  Hadrian  attracts  comparatively 
little  notice.  It  is,  however,  a  highly  interesting  monument, 
bearing  unmistakable  marks  of  the  decline  of  art;  yet  dis 
tinguished  for  much,  of  that  quality  of  beauty  which  gives  so 
peculiar  a  character  to  the  architecture  of  the  Greeks.  The 
inscriptions  on  the  sides  of  the  entablature  have  given  rise  to 
much  learned  discussion,  and  have  led  to  a  far  more  lucid 
arrangement  of  the  city  and  its  chief  ornaments,  than  would 
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in  all  probability  have  been  accomplished,  had  not  inquirv 
and  investigation  been  spurred  on  by  the  difficulty  of  com 
prehending  their  exact  meaning. 

Of  two  views  of  the  temple  of  Jupiter  Olympus,  Mr.  Cook 
chose  that  in  which  the  Acropolis  is  seen  in  the  distance. 
The  three  lofty  Corinthian  columns  in  the  other  engraving 
are  diminished  in  the  scale  of  the  arch,  while  the  Acropolis, 
from  its  greater  complexity  of  parts,  adds,  perhaps,  something 
of  a  quality  in  which  the  subject  is  rather  wanting.  u  I  am 
not  sure,"  says  Mr.  Cook,  "  that  the  remains  of  the  temple  of 
Jupiter  Olympus  are  not  the  most  impressive  which  Athens 
offers  to  the  eye  and  heart  of  the  traveller,  partly  from  their 
abstract  grandeur — a  grandeur  derived  from  every  element 
which  could  contribute  to  such  an  end — and  partly  from  a 
position  than  which  it  would  be  impossible  to  conceive  any 
thing  more  magnificent.  The  gigantic  columns  struck  me 
with  a  sense  of  awe  and  bewilderment,  almost  oppressive ; 
they  consist,  as  may  be  seen  by  the  engraving,  of  sixteen, 
the  sole  representatives  of  the  one  hundred  and  twenty  which 
once  formed  this  mightiest  of  Athenian  temples.  The  least 
thoughtful  person  could  scarcely  avoid  the  question  of  where 
and  how  the  remaining  one  hundred  and  four  of  these  enor 
mous  masses  can  have  vanished ;  and  assisted  by  the  fullest 
information  which  is  to  be  acquired  on  the  subject,  it  remains 
a  matter  of  wonder  to  all.  That  time  itself  has  had  but  little 
to  answer  for,  the  almost  perfect  preservation  of  portions  is 
sufficient  to  prove ;  in  some  cases  the  flutings  are  as  sharp 
and  clean  as  when  the  hand  of  the  sculptor  left  them,  while, 
more  generally,  they  bear  disgraceful  evidence  of  ill-usage  of 
every  kind,  from  that  of  the  cannon  ball  to  the  petty  mis 
chief  of  wanton  idleness.  The  proportion  of  these  columns 
is  quite  perfect,  and  the  mind  is  lost  in  charmed  wonder,  as 
wandering  from  part  to  part  of  the  vast  platform,  it  is  pre 
sented  at  every  step  with  combinations  perpetually  changing, 
yet  always  beautiful.  So  difficult  do  I  find  it  to  determine 
from  what  point  of  view  these  ruins  are  seen  to  the  greatest 
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advantage,  that  I  have  appended  two  engravings,  from 
which  the  reader  may  select  that  which  best  conveys  to  him 
the  magnificence  of  the  structure  which  has  been  thus 
slightly  described."  The  temple  of  Jupiter  Olympus  was 
one  of  the  first  conceived,  and  the  last  executed  of  the  sacred 
monuments  of  Athens.  It  was  begun  by  Piaistratus,  but  not 
mushed  till  the  time  of  the  Eoman  emperor  Adrian,  seven 
hundred  yeais  afterwards 

A  proof  of  the  varied  character  of  the  Athenian  architec 
tural  genius  may  be  found  in  the  exquisite  model,  the 
lantern  of  Demosthenes,  or,  as  it  is  more  properly  called,  the 
Choragic  monument  of  Lysicrates.  It  is,  in  common  with 
the  greater  number  of  the  remains  of  which  we  speak,  of 
Pentelic  marble.  By  whomever  conceived,  designed,  or  exe 
cuted,  tins  must  have  been  a  labor  of  love,  and  the  result  is 
such  as  might  be  anticipated  from  the  consequent  develop 
ment  of  the  highest  powers  of  one  to  whom  a  people  like 
the  Athenians  would  entrust  the  task  of  doing  honor  ten 
those  who  had  paid  to  their  native  land  a  similar  tribute.. 
It  is  small,  and  foimed  of  a  few  immense  masses :  the  roof  ife 
one  entire  block;  the  temple  or  monument  itself  is  circular,, 
and  is  formed  of  six  slabs  of  pure  white  marble,  the  joints  of 
which  are  concealed  by  an.  equal  number  of  beautiful  Corin 
thian  columns  partly  imbedded  into,  and  partly  projecting, 
from  them.  These  have  been  fitted  with  such  exactness, 
that  before  the  "fretting  hand  of  time  and  change"" had  done 
its  work,  the  whole  must  have  appeared  as  if  cut  from  one  HO! id 
mass.  We  have  this  single  example  of  a  class  of  buildiuga 
once  so  numerous  that  they  formed  an  entire  street ;  but 
however  grateful  one  may  feel  to  the  hospiee,  which,  being 
built  over,  protected  it  from  the  ruin  of  its  companions,  we 
can  scarcely  regret  its  disappearance,  through  which  alone 
this  exquisite  result  of  intellect  and  refined  taste  may  be  seen^ 
as  represented  in  the  engraving. 

The  Temple  or  Tower  of  the  Wiacts,.  has  been  very  justly 
termed  '*  the  most  curious  existing  monument  of  the  practi? 
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cal  gnomonies  of  antiquity."  In  architecture  no  very 
elevated  rank  can  be  assigned  to  this  edifice,  nor  is  there,  even 
ID  its  ornamental  portions,  any  very  remarkable  evidence  of 
the  higher  order  of  Grecian  art;  the  execution,  indeed,  can 
in  nowise  be  considered  equal  to  the  conception,  which,  if 
somewhat  fancifully  elaborated,  is  at  least  highly  to  be 
esteemed,  as  uniting  in  a  more  than  ordinary  degree  the 
practically  useful  with  the  poetical  ideal.  Near  .the  new 
Agora,  and  consequently  in  the  heart  of  the  more  densely 
populated  division  of  the  city,  this  indicator  of  the  wind  and 
hour  must  have  been  a  valuable  contribution  to  the  Atheni 
ans,  and  must  have  given  to  its  founder,  Andronicus  Cyrres- 
*es,  a  proud  position  among  the  bene  merenti  of  the  moment. 
Its  form  is  octagonal,  the  roof  being  of  marble,  so  cut  as  to 
represent  tiles ;  upon  the  upper  portion  of  each  face  is  sculp 
tured  the  figure  of  one  of  the  eight  Winds  ;  these  floating  in 
an  almost  horizontal  position  convey,  either  by  their  dress, 
the  emblems  which  they  bear,  or  the  expression  of  their 
features,  the  character  of  the  wind  they  are  respectively 
intended  to  personify.  Within  a  very  recent  period  this 
building,  which  was  more  than  half  buried,  has  been  ex 
humed,  and  -many  important  facts  have  been  discovered 
during  the  process  of  excavation.  The  interior  has  been 
cleared,  and  in  <tfae  pavement  may  be  seen  the  channels  by 
which  the  water  was  conveyed  to  the  machinery  by  whose 
agency  the  hour  was  indicated,  when  the  absence  of  the  sun 
rendered  the  dials  described  upon  the  marble  faces  of  the 
tower  of  no  avail.  These  dials  have  been  tested  and  pro 
nounced  perfectly  correct,  by  a  no  less  celebrated  authority 
than  Delambre.  The  two  arches  on  the  left  of  the  illustra 
tion  are  the  only  remaining  portions  of  the  aqueduct  by 
which  the  necessary  supply,  was  conveyed,  according  to 
Stuart  from  the  spring  in  the  grotto  of  Pan ;  it  is  a  matter 
of  gratulation  alike  to  the  antiquarian  and  the  lover  of  the 
picturesque,  that  these  have  been  spared.  From  the  amount 
of  axcayation  necessary  to  arrive  at  its  basement,  it  is  clea* 
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that  this  portion  of  the  town  must  have  been  raised,  by  ruins 
and  atmospheric  deposits,  at  least  eight  or  nine  feet  above 
its  original  level. 

The  temple  of  Theseus,  apart  from  the  present  town,  and 
in  a  comparatively  elevated  and  isolated  position,  built  by 
Cimon,  shortly  after  the  battle  of  Salamis,  is  one  of  the 
most  noble  remains  of  the  ancient  magnificence  of  Athens, 
and  the  most  perfect,  if  not  the  most  beautiful,  existing 
specimen  of  Grecian  architecture.  It  is  built  of  Pentelic 
marble;  the  roof,  friezes,  and  cornices,  still  remain;  and  so 
gently  has  the  hand  of  time  pressed  upon  this  venerable 
edifice,  that  the  first  impression  of  the  mind  in  beholding  it, 
is  doubt  of  its  antiquity.  It  was  raised  thirty  years  before 
the  Parthenon,  unlike  which  it  appears  to  have  been  but 
sparingly  supplied  with  sculptural  decoration;  but  that 
which  was  so  dedicated  was  of  the  highest  merit,  and 
remaining  in  an  almost  perfect  condition,  is  most  deeply 
interesting  to  the  artist  and  the  historian  :  supplying  to  the 
one  models  of  beauty,  and  to  the  other  the  most  undeniable 
data,  upon  which  to  establish  the  identity  of  this  with  the 
temple  raised  by  the  Athenians  to  the  IIoro-God. 

After  having  been  successively  denominated  the  remains 
of  the  Palace  of  Pericles,  of  the  temple  of  Jupiter  Olympus 
(an  unaccountable  blander),  the  Painted  Portico,  the  Forum 
of  the  inner  Cerameicus,  the  magnificent  wreck  of  which  the 
engraving  given  may  convey  a  general  idea,  has  been 
finally  decided  to  have  formed  a  portion  of  the  Pantheon  of 
Hadrian.  For  some  time  after  this  opinion  had  been  started 
by  Mr.  Wilkins,  and  sanctioned  by  Sir  William  Gell,  great 
doubts,  despite  the  remarkable  verification  afforded  by  the 
language  of  Pausanias,  remained  as  to  its  truth ;  but  the 
Earl  of  Guildford  has  at  length  placed  the  matter  beyond 
question.  Some  extensive  excavations  made  under  his  per 
sonal  direction  resulted  in  the  discovery  of  the  Phrygian 
stone  so  minutely  described  by  the  enthusiastic  traveller. 

The  portico  forming  the  next  illustration  was  for  a  long 


276  HISTORY   AND   RUDIMENTS 

time  considered  the  only  remaining  portion  of  a  temple  dedicat 
ed  to  the  Emperor  Augustus,  but  it  is  now  clearly  established 
as  having  been  one  of  the  entrances  to  a  market-place.  This 
idea,  suggested  to  the  mind  of  Stuart  by  certain  minute  yet 
well  marked  variations  in  the  proportion  of  the  columns  from 
those  devoted  to  sacred  purposes,  has  been  sustained  by 
research,  and  finally  demonstrated  to  be  correct  by  the 
discovery  of  an  inscription  which  has  put  the  question  at 
rest  for  ever.  In  one  of  these  the  names  of  two  prefects 
of  the  market  are  preserved ;  and  another,  still  perfect,  is  an 
edict  of  Hadrian  respecting  the  duties  to  be  levied  on 
certain  articles  of  consumption,  and  regulating  the  sale  of 
^>ils,  <fce.  Nothing  can  be  more  picturesque  than  the  present 
condition  of  this  portico,  the  latest  specimen  of  the  pure 
Greek  Art.  Its  coloring  is  rich  and  varied,  while  its  slate 
of  ruin  is  precisely  that  in  which  the  eye  of  the  painter 
delights,  sufficient  to  destroy  all  hardness  or  angularity,  yet 
not  so  great  as  to  rob  it  of  one  element  of  grandeur. 

The .  building  called  the  Monument  of  Philopappus, 
despite  its  somewhat  fantastic  elaboration  of  detail,  is  very 
remarkable  and  interesting ;  it  was  created  either  during  the 
lifetime,  or  as  a  memorial  immediately  after  his  death,  to  Caius 
Julius  Antiochus  Philopappus,  a  descendant  of  the  royalty 
of  Syria,  and  an  adopted  citizen  of  Athens.  It  consists  of  a 
basement  supporting  a  pilastrade  of  semicircular  form,  and 
presenting  upon  its  concave  surface  three  niches,  containing 
sitting  statues,  and  three  recesses  richly  ornamented  with  the 
representation  in  strong  relief 'of  a  Roman  triumph.  Upon 
the  basement  also  were  various  sculptures  in  honor  of  the 
Emperor  Trajan.  These,  and,  indeed,  all  thfe  decorative 
sculpture,  <fec.,  profusely  lavished  upon  this  building  have 
suffered  greatly.  The  two  remaining  statues  are  much 
dilapidated.  From  this  point  a  ma,gnificent  view  of  the 
Acropolis  is  obtained,  and  few  are  the  sights  presented  to 
the  traveller,  which  surpass  in  historic  interest  or  actual 
beauty  that  meeting  his  eye,  to  whichever  point  of  the  com- 
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pass  he  may  turn  when  standing  at  the  foot  of  this  remarka 
bly  picturesque  monument. 

The  ages  which  produced  these  marvellous  works  in  archi 
tecture  had  other  and  different  glories.  Painting  and  sculp 
ture  reached  the  highest  perfection;  and  poetry  exhibited 
all  the  grace  and  vigor  of  the  Athenian  imagination.  And 
though  time  has  effaced  all  traces  of  the  pencil  of  Parrhasius, 
Zeuxis,  and  Apelles,  posterity  has  assigned  them  a  place  in 
the  temple  of  fame  beside  Phidias  and  Praxiteles,  whose 
works  are,  even  at  the  present  day,  unrivalled  for  classical 
purity  of  design  and  perfection  of  execution.  And  after  the 
city  had  passed  her  noon  in  art,  and  in  political  greatness, 
she  became  the  mother  of  that  philosophy  at  once  subtile 
and  sublime,  which,  even  at  the  present  hour,  exerts  a 
powerful  influence  over  the  human  mind.  This  era  in  her 
history  has  been  alluded  to  by  Milton  : 


"See  there  the  olive  grove  of  Academe, 
Plato's  retirement,  where  tlie  Attic  bird 
Trills  her  thick-warbled  notes  the  summer  long; 
There  flowery  hill  Hymettus  with  the  sound 
Of  bees'  industrious  murmur  oft  invites 
To  studious  musing ;  there  Ilyssus  rolls 
His  whispering  stream ;  within  the  wall  then  view 
The  schools  of  ancient  sages ;  his  who  bred 
Great  Alexander  to  subdue  the  world, 
Lyceum  there  and  painted  Stoa  next 
To  sage  philosophy  next  lend  thine  ear, 
From  Heaven  descended  to  the  low  roof  d  house 
Of  Socrates;  see  there  his  tenement, 
Whom,  well  inspired,  the  oracle  pronounced 
"Wisest  of  men ;  from  whose  mouth  issued  forth 
Mellifluous  streams  that  water'd  all  the  schools 
Of  Academics  old  and  new,  with  those 
Surnamed  Peripatetics,  and  the  sect 
"Epicurean,  and  the  Stoic  severe." 

Such  is  an  outline  of  the  remains  of  the  chief  Athenian 
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edifices,  which  link  ancient  times  with  the  present,  and 
which,  as  long  as  th^re  is  taste  to  appreciate  or  genius  to 
imitate,  must  arrest  the  attention  and  command  the  admira- 
uon  of  all  the  generations  of  mankind. 
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ABACUS. — The  plate  or  shallow  block  forming  the  uppermost 
member  of  a  capital  is  so  called  for  the  sake  of 
distinction,  for  when  a  similar  one  is  placed 
beneath  the  base  of  a  column,  it  is  called  a 
plinth.    It  is  sometimes  square,  and  sometimes  ' 
curved,  forming  on  the  plan  segments  of  a  cir 
cle,  an  ornament  being-  introduced.  Abacus. 

The  Doric  abacus  is  spoken  of  in  this  book,  and  is  here  shown 
in  a  plan  of  the  capital  and  architrave ;  a  a  a  a  being  the  angles 


of  the  soffit  or  underside  of  the  abacus  which  overhang  the  echinus 
e  e  e  e ;  and  s  s  the  soffit  of  the  architrave.  From  this,  the  rela 
tion  between  the  abacus  and  architrave,  and  how  much  the  former 
exceeds  or  projects  out  beyond  the  latter,  will  be  better  understood 
than  by  the  engraving  Fig.  1  p.  15,  where  the  capital  is  shown 
only  in  elevation. 

The  next  figure  ?s  still  more  indispensable  for  understanding 
the  conformation  of  the  Ionic  capital.    Here  the  abacus  shows 


280 


GLOSSARY. 


itself  only  in  front  at//,  over  the  two  voluted  faces,  the  rest  being 
concealed  by  the  baluster  sides  b  b  of  the  capital,  which  extend 
beyond  the  abacas,  and  convert  the  general  plan  into  more  than  a 
square.  Although  the  channels  and  other  details  of  the  baluster 
sides  are  omitted,  and  only  their  general  shape  shown,  the  engrav 
ing  explains  how  those  sides  are  reduced  ,jy  being  hollowed  out  or 
curved  concavely  on  the  plan. 
In  the  Corinthian  Order,  a  similar  curvature  is  given  co  the 


abacus  itself  on  all  its  four  sides  ;  the  capital  of  this  Order  having 
that  in  common  with  the  Boric,  that  it  is  quite  regular.  One 
great  point  of  difference  between  the  Doric  and  Corinthian  abacus 
is,  that  in  the  former  the  angles  are  unsupported,  and  overhang 
the  circular  body  of  the  capital,  while  in  the  Corinthian  Order 
they  extend  outwards  diagonally,  as  a  a  a  a  in  the  figure,  and  sup 
ported  by  the  caulicoli  or  small  volutes,  which  they  in  turn  serve 
to  cover.  The  letters  ////  indicate  the  rosettes  or  flowers  on 
the  four  faces  of  the  abacus. 

AMPHIPROSTYLE. — A  building  having  a  portico  at  both  ends. 

AMPHITHEATRE. — A  theatre  of  an  elliptical  form,  or  in  other 
words,  a  double  theatre,  produced  by  building  two,  end  to  end. 

ANOONES  OR  TRUSSES. — Ornaments  in  the  cornice  of  an 
Ionic  doorway,  resembling  modillions  placed  vertically. 

AMULET. — The  mouldings  at  the  lower  part  of  the  echinus 
in  Doric  capitals.  A  small  square  moulding  used  to  separ 
rate  other  mouldings.  Anoonas. 
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ANTJE. — Square  pillars  or  pilasters,  attached  to  a  wall.  They 
have  capitals  different  from  those  of  the  columns  with  which  they 
are  associated, 

APOPHYGE. — The  small  facias  "by  which  the  shaft  is  attached  to. 
the  fillet  of  the  base. 

APTERAL. — A  temple  without  columns  at  the  ends. 

ABEOSTYLE. — An  arrangement  of  columns,  when  four  diameters 
are  allowed  between  them. 

ARCHITRAVE. — The  lowest  member  of  the  entablature ;  also, 
mouldings  round  doors  and  windows. 

ARCHIVOLT. — The  interior  face  of  an  arch,  between  the  imposts. 

ARRIS.— The  meeting  of  two  surfaces  producing  an  angle. 

AREA. — An  open  space  within  a  building. 

ASTRAGAL. — A  semi-circular  moulding.  c..  ... 

ATTIC. — A  small  height  of  panelling  above  the  cor 
nice  ;  also,  the  upper  story  of  a  house  when  the  walls 
are  perpendicular. 

AISLES. — The  spaces  on  each  side  of  a  nave.      ~   J 

ALMBRY. — A  niche  or  closet  introduced  in     [ ^ 
the  walls  of  churches  or  cathedrals,  intended 
for  the  keeping  of  valuable  articles  belong 
ing  to  the  religious  service. 

ALMONRY. — The  building  in  which  alms  are 
distributed. 

AMBQ.— A  pulpit  or  raised  platform. 

ARCH-BUTTRESS,  OR  FLYING-BUTTRESS. 

— An  arch  introduced  for  the  purpose  of 
supporting  or  appearing  to  support  a 
spire,  or  one  springing  over  the  roof  of 
an  aisle,  and  a  butting  against  the  wall  of 
the  clerestory. 

ASPKBSOEIUM.— The  holy  water  basin. 

AUDITORIUM. — The  nave  or  body  of 
the  church,  where  the  people  meet  for 

worship.  Arch-Buttress,  or  Hylng-Buttress 

ANTKFIXJE. — Galled  by  some,  Greek  Tiles, — upright  ornamental 
blocks  placed  at  intervals  on  the  cornice  along  the  roof,  to  conceal 
or  rather  terminate  the  ridges  formed  by  the  overlapping  of  the 
roof. 
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ESTHETIC. — Artistic. 

ASTYLAK. — A  term  that  expresses  the  absence  of  columns  or 
pilasters,  where  they  might  else  be  supposed  to  occur. 

Axis. — An  imaginary  line  through  the  centre  of  a  column,  &c. 

BAPTISTRY. — The  place  in  which  the  rite  of  baptism  is  per 
formed. 

BARTIZAN. — A  turret  over  the  roof,  and  within  the  parapet  of 
any  building. 

BATTLEMENT. — An  indented  and  sometimes 
perforated  parapet. 

BAY. — The  space  between  the  ribs  of  a  

groined  roof ;  also,  the  part  of  a  window  be-         Basement1™""" 
tween  the  mullions. 

BAY- WINDOW. — "  A  projecting  window,  rising  from  the  ground, 
or  basement,  in  a  semi-octagon,  semi-hexagon,  or  polygonal  form." 

BENETIER. — A  vessel  for  holy  water,  usually  placed  at  the 
entrance  of  a  church. 

BILLET- MOULDING. — Cylindrical  blocks  plac 
ed  at  short  but  equal  distances  from  each 
other,  in  a  hollow  moulding. 

Boss. — A  carved  ornament  at  the  intersection  of  the  ribs  in  a 
groined  roof. 

BRASSES. — Brass  plates  let  into  the  pavement  of  ecclesiastical 
buildings  over  or  near  tombs.  All  of  these  have  an  engraving  of 
some  sort,  and  many  of  them  are  admirably  designed,  and  elabo 
rately  engraven. 

BUTTRESS. — A  projection  from  a  wall  built  between  the 

windows  and  at  the  angles  of  a  building,  having  the  dou~  . k 

ble  purpose,  in  Gothic  structure,  of  strength  and  ornament.  53  > 
They  are  of  various  forms,  according  to  the  style  of  archi 
tecture. 

BED-MOULDINGS. — The  mouldings  beneath  the  corona 
or  principal  projecting  member  of  a  cornice.  Q  \ 

BRANCHES. — The  ribs  of  a  groined  roof. 

BRACKET. — A  projection  from  the  face  of  a  well  to  car 
ry  sculpture,  or  support  some  weight. 

BLOCKING  COURSE.— A  solid  course  of  masonry,  above 
a  cornice.  Buttre 
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BASE. — The  part  of  a  column  on  wl/ich  the  shaft  rests.    The 
term  is  also  used  to  signify  the  lower  part  of  a  wall. 

BANDELET. — A  very  narrow  moulding,  of  the  same  form  as  the 
band. 

BAND. — A  moulding  with  a  square  profile. 

BALUSTRADE. — A  range  of  small  pillars  or  balusters  upon  a 
plinth,  and  surmounted  by  a  cornice  or  coping. 

BALUSTER. — A  small  pillar,  the  form  of  which  may  "be  "varied  at 
pleasure,  used  in  balustrades. 

BALCONY. — A  projection  from  the  face  of  a  wall,  supported  by 
columns  or  consoles,  and  usually  surrounded  by  a  balustrade. 

CABLE. — A  moulding  representing  a  cable. 

CAISSONS. — Sunk  panels  in  ceilings  or  in  soffits. 

CAMPANA. — The  part  of  a  Corinthian  capital  on  which  the 
leaves  are  placed. 

CANTILEVERS. — Trusses  under  the  modillions  of  a  frieze. 

CAPITAL. — The  part  of  a  column  on  which  a  column  rests  on 
the  shaft. 

CARTOUCHES. — Modillions  or  blocks  sup 
porting  the  eaves  of  a  house. 

CASEMENT. — The  frame  of  a  window  or 
light :  also  a  moulding  the  same  as  the      L^.-tEr 
scotia. 

CAVETTO. — A    hollow    moulding,    one  Cart<mdhea. 

quarter  of  a  circle. 


CHANNEL.— A  canal  or  groove  sunk  in  the  face  of       oavetto. 

any  work. 

COLONNADE. — A  row  of  columns  supporting  an  entablature. 

COLUMN. — A  round  pillar,  having  a  shaft  and  capital,  and  gen 
erally  a  base. 

COPING. — A  sloping  stone  on  the  top  of  a  wall,  to  throw  off  the 
rain-water. 

CORBEL. — A  projection  from  the  surface  of  a  wall,  to  carry  a 
weight,  and  generally  ornamented. 

CORNICE. — The  upper  division  of  an  entablature,  composed  of 
sever al  members,  and  varying  according  to  the  order. 

CORONA. — A  large  square  member  of  a  cornice,  between  the 
cymatinm  and  bed-mouldings.  It  is  intended  to  protect  the  parts 
beneath  it,  and  has  a  considerable  projection.  It  is  sometimes 
called  the  larmier,  bat  more  frequently  the  drip, 
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CYMA  RECTA. — A  compound  moulding,  hollow  in 
the  upper,  round  in  the  lower  part. 

CYMA  REVERSA. — A  moulding,  the  reverse  of  the  cyrna  recta. 

CYMATIUM. — The  upper  moulding  of  an  entablature. 

CABLE-MOULDING. — A  moulding  used  in  Nor-  r" , .  ~'lj^-^~^p 
man  architecture,  and  deriving  its  name  from  its  s/  /  //.//  //H/ 

form.  Cabl-  -moulding. 

CANOPY. — An  ornamental  projection  over 
doors,  windows,  and  niches,  chiefly  introduced 
in  the  Decorated  and  Perpendicular  English. 

CAROL. — A  small  closet  in  a  cloister. 

CATHERINE-WHEEL  WINDOW. — A  circular 
window,  usually  with  a  rich  radiating  tracery. 

CHAPELS. — Small  buildings  attached  to  cathe-  Canopy. 

drals  and  large  churches. 

CHANTRY. — A  small  chapel  at  the  side  of  a  church. 

CHEVRON",  OR  ZIG-ZAG. — A  characteristic  moulding  in  Norman 
buildings. 

CHOIR, — The  space  eastward  of  the  cross  in  churches  having 
that  form,  and  between  the  nave  and  high  altar. 

CINQUEPOIL. — An  ornament  representing  the  leaves  of      /^v 
a  flower  or  leaf,  used  in  Gothic  architecture.  \T^    |1 

OLERE-STORY.— -The  upper  story  or  row  of  windows  in  % 

rr  CincfuefoiL 

a  Gothic  church. 

CLOISTERS. — Covered  passage  ways  to  different  parts  of  an 
ecclesiastical  building. 

CROCKET. — An  ornament  resembling  a 
bunch  of  flowers  or  foliage,  chiefly  used  at 
the  angles  of  pinnacles  and  canopies. 

CRYPT. — A  vaulted  chamber  under  a 
church,  generally  under  the  eastern  end  j 
and  used  either  as  a  place  of  sepulture,  an 
oratory,  or  baptistry. 

CUSPS. — The  ornaments  at  the  points  of  the  tracery  in  Gothic 
windows ;  or  according  to  some,  the  arcs  which  the  ornaments 
terminate. 

CARYATIDES. — Pillars  where  human  figures,  instead  of  columns, 
are  used  to  support  an  entablature. 

DADO,  OR  DIE. — The  plain  part  of  a  pedestal* 


crocket. 
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DENTILS.1—  Square  projecting  blocks  in  the  bed-  ^ 
moulds  of  the  entablatures.    They  are  so  called 
from  o.  fancied  resemblance  to  a  row  of  teeth. 

DODECASTYLE.  —  A  building  with  twelve  columns  in  front. 

DONJON,  OR  KEEP.  —  A  massive  tower  in  ancient  castles,  usually 
in  the  centrd 

DOVETAIL**MOULDING.  —  A  characteristic  Nor-  -^—  .....    •    •  •—  - 
man  moulding.  ^Z 


Tho  vault  for  prisoners,  usually    Dovetail-moulding, 
the  basement  of  the  Donjon. 

ECHINUS  —An  egg-shaped  ornament  in  the  Ionic  ~) 

capital.  fc  Echinus. 

ENTABLATURE.—  The  uppermost  division  of  a  column,  supported 
by  the  shaft. 

EUSTYLE.  —  Two  and  a  quarter  diameters  between  the  columns. 

EMBRASURE  OK  OBBNKLLE.—  -A  splayed  opening  in  a  wail  ;  an 
opening  in  a  battlement. 

ELEVATION.  —  An  upright  plan  of  a  building-  or  any  part  of  a 
building,  showing  its  exact  form  and  dimensions  as  they  actually 
exist. 

ENTASIS.—  A  slightly  convex  curvature  given  in  execution  to 
the  outline  of  the  shaft  of  a  column,  just  sufliciont  to  counteract 
and  correct  tho  appearance,  or  fancied  appearance,  of  curvature  in 
a  contrary  direction,  (i.  c.  concavcly,)  which  might  else  take 
place,  and  cause  the  middle  of  the  shaft  to  appear  thinner  than  it 
really  is. 

Ki'wrauM.  —  The  architrave  or  horizontal  course  resting  imme 
diately  upon  the  columns.  Hence  we  should  denote  as  JSpistylar 
Arcwilion  that  system  in  which  columns  support  arches  instead  of 
horizontal  architraves  and  entablatures. 

KPITITIIEDAS.  —  The  cymatium  on  the  sloping  or  raking  cornices 
of  a  pediment,  which  superimposed  moulding  (as  its  name  implies; 
was  frequently  largely  developed,  and  enriched  with  an  ornamental 
I  attern. 

FEATHERING  OR  FOLIATION.—  Smalls  arcs  or  foils  in  the  tracery 
of  Q-othic  windows.  According  to  the  numbers  uniting,  they  are 
called  trefoils,  quatrefoils,  cinquefoils,  or  multifoils. 

FINIAL.  —  The  ornament  which  crowns  a  pinnacle  on  canopy, 

FONT.—  A  vase  used  for  baptism. 
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FAQADE. — The  elevation  or  view  of  tlie  principal  front  of  an^ 
building. 

FASCIA,  OR  FACIA. — A  broad  flat  member,  in  an  architrave, 
cornice,  or  pedestal. 

FILLET. — A  small  square  member,  dividing  mouldings. 

FLUTINGS. — Perpendicular  channels  in  the  shaft  of  a  column. 

FJRIEZB. — The  middle  division  of  an  entablature. 

FENESTRATION. —  In     contra 
distinction    from   columniation, 
the  system  of  construction  and 
mode  of  design  marked  by  win 
dows. 


Gable. 


GABLE. — The  triangular  ma 
sonry  or  woodwork  at  the  end 
of  a  roof.  Some  of  the  old  ga 
ble  ends  are  curiously  carved. 

GLYPHS. — Vertical  channels  in  the  Doric  frieze. 

GUTTLE. — Ornaments  resembling  drops,  under  the 
mutules  of  the  Doric  entablature. 

GABLET. — A  small  gable  in  screens,  &c. 
,„    GARGOYLE. — The    projecting  water-spout, 
generally  ornamented  with  the  head  of  a  man, 
a  monster,  or  some  appropriate  emblem. 

GROIN. — The  lines  formed  by  the  intersec 
tion  of  two  or  more  vaults. 


Guttse 


Gargoyle. 


HEPTASTYLE. — A  building  with  seven  colums  in  front. 
HEXASTYLE. — A  building  with  six  columns  in  front. 
HATCHED-MOULBING. — A  moulding   used  in  ^rviw 
Norman  Architecture,  with  ornaments  of  a  tri- 


angular  form,  and  having  the  appearance  of  be-  ^^^\^V-\^ 

ing  Cut  With  a  hatchet.  HatcM-moulding. 

HOVEL. — A  niche,  or  canopy  for  a  statue. 
HYPOTRAOHELIUM.— The  necking  of  a  capital  introduced  be 
tween  the  capital  itself  and  the  shaft  of  the  column. 

INPOST. — The  abacus  which  crowns  a  pilaster  or  pier,  and  from 
which  an  arch  springs  ;  also,  the  capital  of  a  pilaster  which  sus 
tains  an  arch. 
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INTERCOLUMNIATION.-— The  distance  between  one  column  and 
another. 


JUBE.—  A  gallery  or  rood-loft  over  the  choir,  to  the  front  of 
which  was  generally  attached  a  pulpit. 

KEEP.— The  most  elevated  and  innermost  tower  of  a  castle. 
KNOB, — The  boss  at  the  crowning  of  a  groin, 

LABEL,  OR  HOOD-MOULDING. — The  outer  moulding  over  doors 
or  windows. 

LAVATORY. — A  stone  basin  attached  to  the  altar,  used  by  the 
priest  during  mass  to  dip  or  wash  his  hands.  • 

LETTEUN,  OR  LECTERN. — A  reading-desk,  commonly  of  brass. 

LOZENUE-MOXJLDING. — A  moulding  used    in 
Norman  architecture.  ' 

Lozenge-moulding. 

METOPE. — The  interval  between  the  triglyphs  in  a  Doric  frieze, 
often  ornamented  with  sculptures.  i 

MODTLLION. — An  ornament  in  the  Corinthian 
and  Composite  orders,  resembling  a  bracket. 

MUTULES.— Small  block  ornaments  under  the 
corona  in  the  Doric  order.  Metope. 

MULLIONS. — The  upright  shafts  dividing  a  window  into  separate 
light. 

MISERERES.— Shelving  seats  in  the  stalls  of  churches  and  cathe 
drals. 

MKRLON.' — The  solid  part  of  an  embattled  parapet. 

MACHICOLATIONS.-— The  perpendicular  openings  left  between  the 
corbels  of  a  battlement  over  gateways  and  doors,  intended  to  afford 
facilities  for  annoying  assailants. 

MOULDINGS. — The  principal  mouldings  and  the  difference  of 
their  profiles  in  the  Grecian  and  Eoman  styles  are  here  exhibited- 
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Greek. 


Eoman. 


Cyma 
Recta.    — 


(tyina  Be- 
yersa. 


Scctk. 


Torus. 


c.—  That  mode  of  intercolumniation  in  the 
Boric  Order,  according  to  which  there  is  only  a  single  triglyph 
over  each  intercolumn. 

MODULE.  —  The  semi-diameter  of  the  column,  or  30  minuses. 

MINUTE.—  The  sixtieth  part  of  the  diameter  of  the  column,  as 
a  proportional  measure.  Minutes  are  written  thus,  8f,  that  is, 
tight  minutes. 


central  division  of  a  church  between  the  aisles. 


OVOLO,— A  convex  moulding,  a  quarter  of  a  circle, 
and  sometimes  called  a  quarter  round. 


Orok, 
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ORATORY. — A  private  chapel  for  prayer. 
OEIEL. — A    window  projecting  from   a 
wall. 

PARAPET. — A  wall  about  breast  high,  at 
the  top  of  a  house,  or  on  a  bridge,  intended 
as  a  defence.  It  is  sometimes  ornamented, 
sometimes  plain. 

PATERA. — An  ornament  in  a  frieze,  re 
sembling  a  goblet.  Oriel. 

PEDESTAL.— A  square  piece  of  masonry  supporting  the  base  of 
the  column,  and  consisting  of  a  base,  die  and  cornice. 

PEDIMENT. — The  triangular  form  above  the  columns  in  the 
front  and  back  of  a  building  j  also  the  same  over  windows  and 
doors. 

PENTASTYLE. — A  portico  of  five  columns. 

PERIPTERAL. — A  temple  having  columns  all  round. 

PIER. — A  solid  pilaster  or  column  from  which  an  arch  springs, 
or  carrying  a  weight ;  also,  the  solid  mass  between  the  doors  or 
windows  of  a  building,  or  between  the  arches  of  a  bridge. 

PILASTER. — This  term  is  not  synonymous  with  the  word  col 
umn.  In  the  latter,  a  regular  and  almost  undeviating  proportion' 
is  maintained  between  the  several  parts,  but  in  the  former,  the1 
same  arrangement  of  parts  is  not  adopted. 

PLATBAND. — A  square  member,  with  a  projection  less  than- 
either  the  height  or  breadth. 

PLINTH. — A  solid  mass  under  the  base  of  a  column. 

PODIUM. — A  running  pedestal,  supporting  a  series  of  columns' 
round  a  building. 

PORTICO. — A  horizontal  projection  in  the  front  of  a  building,, 
supported  by  columns. 

Pix. — The  shrine  to  contain  the  host  or  consecrated  wafers. 

PORCH. — A  small  covered  entrance  into  a  building. 

PANEL. — A  small  compartment  enclosed  with  mouldings,  an& 
generally  decorated  with  an  ornament,  or  sculpture, 

PENDENT. — An  ornament  hanging  from  a  roof. 

PERCHES. — Brackets  in  churches,  for  images  or  candlesticks* 
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PINNACLE. — A  small  spire,  or  pointed  termination  to 
towers,  turrets,  and  buttresses,  generally  with  four  sides, 
and  more  or  less  ornamented. 

FLAN. — A  plan  may  be  familiarly  described  as  an  arch 
itectural  map,  or  map  of  a  building'.  To  define  it  more 
exactly, — a  plan  is  a  horizontal  section  supposed  to  be  ta 
ken  on  the  level  of  the  floor  through  the  solid  parts  of  the 
fabric,  walls,  columns,  &c.,  so  as  to  show  their  various 
thicknesses  and  situations. 

POLYSTYLE. — Having  a  number  of  columns.  "Where 
columns  occur  behind  columns,  as  where  a  portico  has 
inner  columns,  such  portico  may  be  termed  a  poly  style.  Pinnacle. 

PROFILE. — The  outline  of  a  series  of  mouldings,  or  of  any  other 
parts,  as  shown  by  a  section  through  them. 

PULVINATED. — A  fnezQ  whose  face  is  convex  instead  of  plain  ia 
said  to  be  pulvinated,  from  its  supposed ,  resemblance  to  that  side 
of  a  cushion  which  swells  out  when  pressed. 

QUATREFOIL. — An  ornament  representing  four  leaves 
of  a  flower,  formed  within  a  circle. 

RUSTIC. — Stone  or  compo  work,  channelled  verti 
cally  and  horizontally. 

ROOD. — A  cross  with  a  figure  of  our  Saviour  on  it. 

ROOD  LOFT. — A  gallery  generally  over  the  screen,  or  at  the 
entrance  of  the  choir,  in  which  a  rood  was  in  former  times  placed. 

RAKING  CORNICES.— A  term  applied  to  the  inclined  cornices  on 
the  sloping  side  of  a  pediment. 

SCOTIA. — A  hollow  moulding,  chiefly  used  in  the  base  of  the 
Ionic  column. 

SCROLL. — A  spiral ;  the  volute  of  the  Ionic  capital. 

SHAFT. — That  part  of  a  column  between  the  capital  and  base. 

SPIRE. — The  pyramidical  structure  crowning  a  tower  or  turret 

SPANDRIL. — The  triangular  space  be 
tween  an  arch  and  the  right  angle  above 
it. 

Si  ALLS, — Elevated  seats  on  the  sides  of 
a  choir  in  cathedrals,  with  canopies  over 
them?  appropriated  for  ecclesiastics. 

STANCHEON. — The  upright  bar  or  mul- 
liot  which  divides  a  window  into  bays 
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STEEPLE. — A  tower  rising  above  the  roof  of  a  church. ' 

SECTION. — A  vertical  plan  of  the  interior  of  a  building,  showing 
it  as  it  would  appear  upon  an  upright  plane  cutting  through  ,£. 

SOFFIT. — From  the  Italian  soffitto,  a  ceiling ;  the  under  surface 
of  any  projecting  moulding  or  member. 

STYLOBATE. — That  part  of  a  structure  on  which  an  order  is 
raised,  and  on  which  the  columns  immediately  stand.  The  term 
is,  however,  restricted  to  what  partakes  of  the  character  of  a 
pedestal,  and  not  to  a  mere  plinth  or  socle  on  the  one  hand,  or  tc 
a  lower  fenestrated  floor  on  the  other. 

TETEASTYLE. — A  building  with  four  columns  in  front. 
TORUS. — A  semi-circular  moulding. 


TRIGLYPH. — The  vertical  channels  in  the  Doric       Torus- 
frieze. 

TYMPANUM.— The  triangular  surface  enclosed  by  the 
pediment.  In  the  ancient  temples  it  was  frequently 
decorated  with  sculptures. 

TABERNACLE. — A  stall  or  niche  detached  forn  the 
wall,  with  a  canopy  over  it. 

TABLET. — A  projecting  moulding,  more  particularly  that  under 
a  window. 

TRANSEPT. — That  part  of  a  church  or  cathedral  which  run8 
north  and  south,  forming  the  arms  of  a  cross. 

TRACERY. — The  frame-work  and  ornament  in  the  head  of  a 
window  or  screen. 

TRANSOM. — The  horizontal  bar  dividing  a  window  into  lights. 

TREFOIL. — An  ornament  representing  throe  leaves  of 
a  flower,  formed  within  a  circle. 

TUDOR  FLOWER. — An  ornament  employed  for  open 
parapets. 

UNDERCROFT. — The  crypt  or  vault  of  a  church. 

VOLUTE. — The  spirals  on  an  Ionic  capital. 
VESTIBULE.— The  terge  hall  or  passage. 
^^^  * 

WEEPERS.— The  statues  of  Grief,  at  the  base  of  a  tomb  or  mon< 
ument. 

Chevron. 
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SECTION    I. 
(JENIRAL  PRINCIPLES  OF   CONSTRUCTION. 

FOUNDATIONS. 

1.  IN  preparing  the  foundation  for  any  building,  there  are 
two   sources  of  failure  .which  must  be  carefully  guarded 
against  :  viz.,  inequality  of  settlement,  and  lateral  escape  of 
the  supporting  material ;  and,  if  these  radical  defects  can  be 
guarded  against,  there  is  scarcely  any  situation  in  which  a 
good  foundation  may  not  be  obtained. 

2.  Natural  Foundations. — The  best  foundation  is  a  natural 
one,  such  as  a  stratum  of  rock,  or  compact  gravel.     If  cir 
cumstances  prevent  the  work  being  commenced  from  the 
same  level  throughout,  the  ground  must  be  carefully  benched 
out,  i.  e.,  cut  into  horizontal  steps,  so  that  the  courses  may 
all  be  perfectly  level.     It  must  also  be  borne  in  mind  that  all 
work  will  settle,  more  or  less,  according  to  the  perfection  of 
the  joints,  and  therefore  in  these  cases  it  is  best  to  bring  up 
the  foundations  to  a  uniform  level,  with  large  blocks  of  stone, 
or  with  concrete,  before  commencing  the  superstructure, 
which  would  otherwise  settle  most  over  the  deepest  parts, 
on  account  of  the  greater  number  of  mortar  joints,  and  thus 
cause  unsightly  fractures,  as  shown,  in  fig.  1. 
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Fig.  1. 


3.  Many  soils  form  excellent  foundations  when  kept  from 
the  weather,  which  are  worthless  when  this  cannot  be  effected. 
Thus  blue  shale,  which  is  often  so  hard  when  the  ground  is 
first  opened  as  to  require  blasting  with  gunpowder,  will,  after 
a  few  days'  exposure,  slake  and  run  into  sludge.    In  dealing 
with  soils  of  this  kind  nothing  is  required  but  to  keep  them 
from  the  action  of  the  atmosphere.    This  is  best  done  by 
covering  them  with  a  layer  of  concrete,  which  is  an  artificial 
rock,  made  of  sand  and  gravel,  cemented  with  a  small 
quantity  of  lime.    For  want  of  this  precaution  many  build 
ings  have  been  fractured  fr,om  top  to  bottom  by  the  expan 
sion  and  contraction  of  their  clay  foundations  during  the 
alternations  of  drought  and  moisture,  to  which  they  have 
been  exposed  in  successive  seasons. 

4.  Artifidal  Foundations.— Where  the  ground  in  its  natural 
state  is  too  soft  to  bear  the  weight  of  the  proposed  structure, 
"recourse  must  be  had  to  artificial  means  of  support,  and,  in 
doing  this,  whatever  mode  of  construction  be  adopted,  the 
principle  must  always  be  that  of  extending  the  bearing  sur 
face  as  much  as  possible  ;  just  in  the  same  way,  that,  by 
placing  a  plank  over  a  dangerous  piece  of  ice,  a  coiaf  le  of 
men,  can  pass  over  a  spot  which  would  not  bear  the  weight 
of  a  child.    There  are  many  ways  of  doing  this — as  by  a 
thick  layer  of  concrete,  or  by  layers  of  planking,  or  by  a 
net-work  of  timber,  or  these  different  methods  may  be  com 
bined.    The  weight  may  also  be  distributed  over  the  entire 
area  of  the  foundation  by  inverted  arches. 

5.  The  use  of  timber  is  objectionable  where  it  cannot  be 
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kept  constantly  wet,  as  alternations  of  dryness  and  moisture 
soon  cause  it  to  rot,  and  for  this  reason,  concrete  is  very 
extensively  used  in  situations  where  timber  would  "be  liable 
to  decay. 

6.  In  the  case  of  a  foundation  partly  natural  and  partly 
artificial,  the  utmost  care  and  circumspection  are  required  to 
avoid  unsightly  fractures  in  the  superstructure  ;  and  it  cannot 
be  too  strongly  impressed  on  the  mind  of  the  reader,  that  it 
is  not  an  unyielding,  but  a  uniformly  yielding  foundation  that 
is  required,  and  that  it  is  not  the  amount,  so  much  as  the 
inequality,  of  settlement  that  does  the  mischief. 

The  second  great  principle  which  we  laid  down  at  the 
commencement  of  this  section  was — To  prevent  the  lateral 
escape  of  the  supporting  material.  This  is  especially 
necessary  when  building  in  running  sand,  or  soft,  buttery  clay, 
which  would  ooze  out  from  below  the  work,  and  allow  the 
superstructure  to  sink.  In  soils  of  this  kind,  in  addition  to 
protecting  the  surface  with  planking,  concrete,  or  timber,  the 
whole  area  of  the  foundation  must  be  inclosed  with  piles 
driven  close  together  ; — this  is  called  sheet-piling. 

7.  Where  there  is  a  hard  stratum  below  the  soft  ground, 
but  at  too  great  a  depth  to  allow  of  the  solid  work  being- 
brought  up  from  it  without  greater  expense  than  the  cir 
cumstances  of  the  case  will  allow,  it  is  usual  to  drive  down 
wooden  piles,  shod  with  iron,  until  their  bottoms  are  firmly 
fixed  in  the  hard  ground.    The  upper  ends  of  the  piles  are 
then  cut  off  level,  and  covered  with  a  platform  of  timber  on 
which  the  work  is  built  in  the  usual  way. 

8.  Where  a  firm  foundation  is  required  to  be  formed  in  a 
situation  where  no  firm  bottom  can  be  found  within  an  avail 
able  depth,  piles  are  driven,  to  consolidate  the  mass,  a  few 
feet  apart  over  the  whole  area  of  the  foundation,  which  is 
surrounded  by  a  row  of  sheet-piling  to  prevent  the  escape  of 
the  soil ;  the  space  between  the  pile  heads  is  then  filled  to 
the  depth  of  several  feet  with  stones  or  concrete,  and  the 
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whole  is  covered  with,  &  timber  platform,  on  which  to  com* 
mence  the  solid  work. 

9.  Foundations  in  Water. — Hitherto  we  have  been  de 
scribing  ordinary  foundations ;  we  now  come  to  those  cases 
in  which  water  interferes  with  the  operations  of  the  builder, 
oftentimes  causing  no  little  trouble,  anxiety,  and  expense. 

Foundations  in  water  may  be  divided  under  three  heads  : 
1st.  Foundations  formed  wholly  with  piles  : 

2d.  Solid  foundations  laid  on  the  surface  of  the  ground, 
either  in  its  natural  state,  or  roughly  leveled  by  dredging  : 

3d.  Solid  foundations  laid  Mow  the  surface,  the  ground 
being  laid  dry  by  cofferdams.  * 

10.  Foundations  formed  wholly  of  Piles. — The  simplest 
foundations  of  this  kind  are  those  formed  by  rows  of  wooden 
piles  braced  together  so  as  to  form  a  skeleton  pier  for  the 
support  of  horizontal  beams  ;  and  this  plan  is  often  adopted 
in  building  jetties,  piers  of  wooden  bridges,  and  similar  erec 
tions  where  the  expense  precludes  the  adoption  of  a  more 
permanent  mode  of  construction  ;  an  example  of  this  kind  is 
shown  in  fig.  2. 

In  deep  water,  the  bracing  of  the  piles  becomes  a  difficult 
matter,  and  an  ingenious  expedient  for  effecting  this  was 
made  use  of  by  Mr.  Walker,  in  the  erection  of  th<?  Ouse 
Bridge,  on  the  Leeds  and  Selby  Railway,  A.D.  1840.  This 
consisted  in  rounding  the  piles  to  which  the  braces  are 
attached  for  a  portion  of  their  length,  to  allow  the  cast-iron 
sockets  in  which  they  rest  to  descend  and  take  a  solid  bear 
ing  upon,  the  square  shoulders  of  the  brace-piles.  After  the 
brace-piles  were  driven,  the  braces  were  bolted  into  their 
sockets  and  dropped  down  to  their  required  position,  and 
their  upper  ends  were  then  brought  to  Iheir  places  and 
bolted  to  the  m\  erstructure. 
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Fig.  2. 


11,  There  is  always,  however,  a  great  objection  to  the 
use  of  piles  partly  above  and  partly  under  water,  namely, 
that,  from  the  alternations  of  dry  ness  and  moisture,  they 
soon  decay  at  the  water-line,  and  erections  of  timber  require 
extensive  repairs  from  this  cause.  In  tidal  waters,  too,  they 
are  often  rapidly  destroyed  by  the  worm,  unless  great  ex 
pense  is  undergone  In  bheathing  tliem  with  copper. 

To  obviate  the  inconveniences  attending  the  use  of  timber, 
cast-iron  is  sometimes  used  as  a  material  for  piles  ;  but  this 
again  is  objectionable  in  salt  water,  as  the  action  of  the  sea- 
water  upon  the  iron  converts  it  into  a  soft  substance  which 
can  be  cut  with  a  knife,  resembling  the  Cumberland  lead 
used  for  pencils. 

12.  In  England,  in  situations  where  a  firm  hold  cannot 
be  obtained  for  a  pile  of  the  ordinary  shape. ,  such  as  shifting 
sand,  Mitchell's  patent  screw-piles  are  used  with  great  ad 
vantage.  These  piles  terminate  at  the  bottom  in  a  large 

25 


302  RUDIMENTS   OF   THE 

iron  screw  4  ft.  in  diameter,  which,  being  screwed  into  the 
ground,  gives  a  firm  foot-hold  to  the  pile.  This  is  a  vcr) 
simple  and  efficient  mode  of  obtaining  a  foundation  where  all 
other  means  would  fail,  and  lias  been  used  in  erecting  light 
houses  on  sand-banks  with  great  success.  The  Mapliu  sand 
light-house  at  the  mouth  of  the  Thames,  and  the  Flectwood 
light-house,  at  Pleetwood,  in  Lancashire,  both  erected  A.  n 
1.840,  may  be  instanced. 

13.  An  ingenious  system  of  cast-iron  piling  was  adopted 
by  Mr.  Tierney  Clark  in  the  erection  of  the  Town  Pier  at 
Gravesend,  Kent,  A.  D.  1 834,  in  forming  a  foundation  for 
the  cast-iron  columns,  supporting  the  superstructure  of  the 
T  head  of  the  pier.    Tinder  the  site  of  each  column  were 
driven  three  cast-iron  piles,  on  which  an  adjusting  plate  was 
firmly  keyed,  forming  a  broad  base  for  the  support  of  the 
column,  which  was  adjusted  to  its  correct  position,  and  bolted 
down  to  the  adjusting  plate. 

14.  A  kind  of  foundation  on  the  same  principle  as  piling 
has  been  lately  much  used  in  situations  where  ordinary  piling 
cannot  be  resorted  to  with  advantage.    The  method  referred 
to  consists  in  sinking  hollow  cast-iron  cylinders  until  a  hard 
bottom  is  reached.    The  interior  of  the  cylinder  is  then 
pumped  dry,  and  filled  up  with  concrete,  or  some  equally 
solid  material,  thus  making  it  a  solid  pier  on  which  to  erect 
the  superstructure.     The  cylinders   are  made  in  lengths, 
which  are  successively  bolted  together  as  each  previous 
length  is  lowered,  the  excavation  going  on  at  the  bottom, 
which  is  kept  dry  by  pumping.    It  often  happens,  however, 
in  sinking  through  sand,  that  the  pressure  of  the  water  is 
so  great  as  to  blow  tip  the  sand  at  the  bottom  of  the  cylin 
der  ;  and  when  this  is  the  case,  the  operation  is  carried  on 
by  means  of  a  large  auger,  called  a  miser,  which  excavates 
and  brings  up  the  materials  without  the  necessity  of  pumping 
out  the  water.    The  lower  edge  of  the  bottom  length  of 
each  cylinder  is  made  with  a  sharp  edge,  to  enable  it  to 
Ijenetrate  the  soil  with  greater  eate,  and  to  enter  the  Lard 
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bottom  stratum  on  which  the  work  is  to  rest.  This  method 
was  adopted  by  Mr.  Redman  in  the  erection  of  the  Terrace 
Pier  at  Graveseud,  Kent,  finished  A.  D.  1845. 

15.  Before  closing  onr  remarks  on  pile  foundations,  we 
must  mention  a  very  curious  system  of  carrying  up  a  founda 
tion  through  loose,  wet  sand,  which  is  practised  in  India  and 
China,  and  is  strictly  analogous  to  the  sinking  of  cast-iron 
cylinders  just  described. 

It  consists  in  sinking  a  series  of  wells  close  together, 
which  are  afterwards  arched  over  separately,  and  covered 
with  a  system  of  vaulting  on  which  the  superstructure  ia 
raised.  The  method  of  sinking  these  wells  is  to  dig  down, 
as  far  as  practicable,  without  a  lining  of  masonry,  or  until 
water  is  reached  ;  a  wooden  curb  is  then  placed  at  the  bot 
tom  of  the  excavation,  and  a  brick  cylinder  raised  upon  it 
to  the  height  of  3  or  4  ft.  above  the  ground.  As  soon  as 
the  work  is  sufficiently  set,  the  curb  and  the  superincumbent 
brick-work  are  lowered  by  excavating  the  ground  under  the 
sides  of  the  curb,  the  peculiarity  of  the  process  being  that 
the  well-sinker  works  under  water,  frequently  remaining  sub 
merged  more  than  a  minute  at  a  time.  These  cylinders  have 
been  occasionally  sunk  to  a  depth  of  40  ft. 

16.  Solid  Foundations  simply  laid  on  the  Surface  of  the 
Ground. — Where  tlie  site  of  the  intended  structure  is  per 
fectly  firm,  and  there  is  no  danger  of  the  work  being  under 
mined  by  any  scour,  it  will  be  sufficient  to  place  the  materi 
als  on  the  natural  bottom,  the  inequalities  of  surface  being 
first  removed  by  dredging  or  blasting. 

17.  Pierre  perdue. — The  simplest  mode  of  proceeding  is  to 
throw  down  masses  of  stone  at  random  over  the  site  of  the 
work  until  the  mass  reaches  the  surface  of  the  water,  above 
which  the  work  can  be  carried  on  in  the  usual  manner. 
This  is   called  a  foundation  of  "  pierr.e  perdue,"  or  random 
work,  and  is  used  for  breakwaters,  foundations  of  sea-walls, 
and  similar  works. 
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18.  Coursed  Masonry. — Another  way,  much  used  in  har 
bor  work,  is  to  build  up  the  work  from  the  "bottom  (which 
must  be  first  roughly  leveled)  with  large  stones,  carefully 
lowered  into  their  places ;  and  this  is  a  yery  successful 
method  where  the  stones  are  of  sufficient  size  and  weight  to 
enable  the  work  to  withstand  the  run  of  the  sea.    The  diving- 
bell  affords  a  ready  means  of  verifying  the  position  of  each 
stone  as  it  is  lowered. 

19.  B&ton. — On  the  continent,  foundations  under  water 
are  frequently  executed  with  blocks  of  beton  or  hydraulic 
concrete,  which  has  the  property  of  setting  under  water. 
The  site  of  the  work  is  first  inclosed  with  a  row  of  sheet 
piling,  which  protects  the  beton  from  disturbance  until  it  has 
set.    This  system  is  of  very  ancient  date,  being  described  by 
Titruvius,  and  was  practised  by  the  Romans,  who  have  left 
us  many  examples  of  it  on  the  coast  of  Italy.    The  French 
engineers  have  used  beton  in  the  works  at  Algiers,  in  large 
blocks  of  324  cubic  feet,  which  were  floated  out  and  allowed 
to  drop  into  their  places  from  slings.    This  method,  which 
proved  perfectly  successful,  was  adopted  in  consequence  of 
the  smaller  blocks  first  used  being  displaced  and  destroyed 
by  the  force  of  the  sea. 

20.  Caissons. — A  caisson  is  a  chest  of  timber,  which  is 
floated  over  the  site  of  the  work,  and,  being  kept  in  its  place 
by  guide  piles,  is  loaded  with  stone  until  it  rests  firmly  on 
the  ground.    The  masonry  is  then  built  on  the  bottom  of 
the  caisson,  and  when  the  work  reaches  the  level  of  the 
water  the  sides  of  the  caisson  are  removed. 

This  method  of  building  has  been  much  used  on  the  conti 
nent  of  Europe. 

21.  An  improvement  on  the  above  method  consists  in 
dredging  out  the  ground  to  a  considerable  depth,  and  put 
ting  in  a  thick  layer  of  beton  on  which  to  rest  the  bottom  of 
the  caisson.^ 

22.  There  is  a  third  method  of  applying  caissons  which  ia 
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practised  on  the  continent  of  Europe,  and  which  is  free  from 
the  objections  which  commonly  attend  the  use  of  caissons. 
A  firm  foundation  is  first  formed  by  driving  piles  a  few  feet 
apart  over  the  whole  site  of  the  foundation.  The  tops  of 
the  piles  are  then  sawn  off  under  water  just  enough  above 
the  ground  to  allow  of  their  being  all  cut  to  the  same  level 
The  caisson  is  then  floated  over  the  piles,  and,  when  in  its 
proper  position,  is  sunk  upon  them,  being  kept  in  its  place 
by  a  few  piles  left  standing  above  the  others,  the  water  be 
ing  kept  out  of  the  caisson  by  a  kind  of  well,  constructed 
round  each  of  these  internal  guide  piles,  which  are  built  up 
into  the  masonry.  This  method  of  building  in  caissons  on 
pile  foundations  is  shown  in  figs.  3  and  4.  The  piers  of  the 

Fig.  3. 


wm. 


Pont  du  Yal  Benoit  at  Li%e,  built  A.  B.  1842,  which  car 
ries  the  railway  across  the  Meuse,  have  been  built  on  pile* 
foundations,  in  the  manner  here  described. 

Fig.  4, 


V    V    V 

23.    Solid  FowndaMons  laid  in  Cofferdams-. — There  are- 
many  circumstances  under  which  it  becomes  necessary  to 
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lay  the  bottom  dry  before  commencing  operations.  This  is 
done  by  inclosing  the  site  of  the  foundation  with  a  water 
tight  wall  of  timber,  from  within  which  the  water  can  be 
pumped  out  by  steam  power  or  otherwise.  Sometimes,  in 
shallow  water,  it  is  sufficient  to  drive  a  single  row  of  piles 
only,  the  outside  being  protected  with  clay,  as  shown  in  fig 
5  ;  but  in  deep  water  two  or  even  four  rows  of  piles  will  be 


required,  the  space  between  them  being  filled  in  with  well- 
.rammed  puddle,  so  as  to  form  a  solid  water-tight  mass. 
i(See  fig  6.)  The  great  difficulties  in  the  construction  of  a 

Fig.  6. 
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cofferdam  are — 1st,  to  keep  it  water-tight ;  and,  2nd,  to 
support  the  sides  against  the  pressure  of  the  water  outside, 
which  in  tidal  waters  is  sometimes  so  great  as  to  render  ii 
to  allow  a  dam  to  fill  to  prevent  its  being  crushed 
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24.  In  order  to  save  timber,  and  to  avoid  the  difficulty  of 
keeping  out  the  bottom  springs,  it  has  been  proposed  by  a 
French  engineer,  after,  driving  the  outer  row,  to  dredge  out 
the  area  thus  inclosed,  and  fill  it  up  to  a  certain  height  with 
betou.  The  cofferdam  is  then  to  be  completed  by  driving  an 
inner  row  of  piles  resting  on  the  beton,  and  puddling  between 
the  two  rows  in  the  usual  manner  ;  and  the  masonry  is 
carried  up  on  the  beton  foundation  thus  prepared.  This  con 
struction  is  shown  in  fig.  1. 


Fig.  7. 

25.  Concrete  is  a  valuable  material  when  applied  in  a 
proper  manner,  viz.,  in  underground  works  where  it  is  con 
fined  on  all  sides,  and  is,  consequently,  subjected  to  little 
cross  strain  ;  but  it  is  not  fit  to  be  used  above  ground  as  a 
substitute  for  masonry,  and  will  not  bear  exposure  to  water. 

26.  Concrete  is  made  of  gravel,  sand,  and  ground  lime, 
mixed  together  with  water  ;  the  slaking  of  the  lime  taking 
place  whilst  in  contact  with  the  sand  and  gravel.    It  is 
difficult  to  give  any  definite  proportions  for  the  several 
ingredients,  but  the  principle  to  be  followed  in  proportioning 
the  several  quantities  of  sand  and  stones  should  be  to  form 
as  much  as  possible  a  solid  mass,  for  which  purpose  it  is  desir 
able  that  the  stones  should  be  of  various  sizes,  and  angular 
rather  than  rounded.    The  common  material  is  unscreened 
gravel,  containing  a  considerable  portion  of  sand  and  large 
and  small  pebbles,  but  small  irregular  fragments  of  broken 
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stone,  granite  (shippings,  and  the  like,  are  of  great  service, 
as  they  interlace  each  other  and  bind  the  mass  together. 
The  proportion  of  lime  to  sand  should  bo  such  as  is  best 
suited  to  form  a  cement  to  connect  the  stones.  This  must 
depend  in  a  great  measure  on  the  quality  of  the  lime  used  ; 
the  pure  limes  requiring  a  great  proportion  of  sand,  whilst 
the  stone  limes,  and  those  containing  alumina,  silica,  and 
metallic  oxides,  require  a  much  smaller  proportion. 

27.  The  lime  and  gravel  should  be  thoroughly  incorporated 
by  being  repeatedly  turned  over  with  shovels,  sufficient  water 
being  .added  to  ensure  the  thorough  slaking  of  the  lime  with 
out  drowning  it.     Concrete  should  not  be  thrown  into  water, 
because  ordinary  stone  lime  will  not  set  under  such  circum 
stances  ;  and  it  should  be  carefully  protected  from  any  wash 
or  run  of  water,  which  would  have  the  effect  of  washing  out 
the  lime,  and  leaving  the  concrete  in  the  state  of  loose 
gravel.    Concrete  made  in  the  way  just  described  swells 
slightly  before  setting,  from  the  expansion  due  to  the  slaking 
of  the  lime,  and  does  not  return  to  its  original  bulk.    This 
property  makes  it  valuable  for  underpinning  foundations  and 
similar  purposes. 

28.  Btton. — Beton  may  be  considered  as  hydraulic  con 
crete  ;  that  is,  concrete  made  with  hydraulic  lime  ;  and  is 
chiefly  used  in  submarine  works,  as  a  substitute  for  masonry, 
in  situations  where  the  bottom  cannot  be  laid  dry.     It  differs 
from  ordinary  concrete  inasmuch  as  the  lime  must  be  slaked 
before  mixing  with  the  other  ingredients,  and  it  is  usual  to 
make  the  lime  and  sand  into  mortar  before  adding  the  stones. 
Concrete  also  is  used  hot,  whilst  b&ton  is  allowed  to  stand 
before  being  used,  in  order  to  ensure  the  perfect  slaking  of 
every  particle  of  lime.    Belidor  directs  that  the  mortar  shall 
first    be    made,   with    puzzolana,     sand,  and    quicklime. 
When,  the  mortar  is  thoroughly  mixed,  the  stones  are  to  be 
thrown  in  (not  larger  than  a  hen's  egg),  and  also  iron  dross 
well  pounded ;  the  whole  is  then  to  be  thoroughly  ineorpor- 
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ated,  and  left  for  twenty-four  hours.  The  proportions  are  to 
be  as  follows  : — 

Puzzolana       .  12  parts. 

Sand  .  .     .  .     6  " 

Good  quicklime  9  " 

Small  stones  .13  " 

Ground  slag  .    3  " 

43 

The  beton  is  to  be  lowered  into  the  water  in  a  box,  with 
a  bottom  so  constructed  that  it  can  be  opened,  and  its  con 
tents  discharged,  by  pulling  a  cord,  so  as  to  deposit  the  beton 
on  the  bottom  without  having  to  fall  through  a  depth  of 
water,  which  might  wash  away  the  lime.  For  the  same 
reason  it  is  necessary,  before  commencing,  to  lay  the  beton, 
to  surround  the  site  with  sheet-piling,  to  protect  it  from  the 
action  of  the  water,  and  to  guard  against  the  danger  of  the 
softer  portions  of  the  work  being  carried  away  by  tempests 
before  they  become  consolidated. 

29.  The  ordinary  method  of  using  beton  on  the  Continent 
is  in  alternate  layers  of  beton  and  rubble  stone.    A  layer  of 
beton,  about  a  foot  in  thickness,  is  first  spread  over  the  whole 
area  of  the  foundation,  and  on  this  is  laid  a  stratum  of 
rubble,  which,  sinking  into  the  soft  beton,  becomes  thoroughly 
incorporated  with  it.    On  this  is  laid  another  layer  of  baton, 
followed  by  another  course  of  rubble  ;   this  system  being 
pursued  until  the  work  reaches  the  intended  height. 

30.  Pik-driwng.~~-~Th®  usual  method  of  pile-driving  is  by 
a  succession  of  blows  given  by  a  heavy  block  of  wood  or 
iron  (called  a  monkey,  or  ram,  or  tup),  which  is  raised  by  a 
ro^e  or  chain  passed  over  a  pulley  fixed  at  the  top  of  an  up 
right  frame  of  timber,  and  allowed  to  fall  freely  on  the  head 
of  the  pile  to  be  driven.    There  are  a  large  number  of  pile- 
drivers  of  different  styles  in  use.    The  one  most  commonly 
used  iu  the  United  States  is  Captain  Gram's. 
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31.  In  selecting  timber  for  piles,  care  should  be  taken  ,to 
choose  that  which  is  straight-grained  and  free  from  knots 
and  ring  shakes.    Larch,  fir,  beech,  and  oak,  are  the  woods 
most  esteemed.     In  situations  exposed  to  the  worm,  there  is 
little  difference  in  the  durability  of  the  best  and  the  worst 
timber,  if  unprepared,  and,  therefore,  it  is  always  safest  to 
use  some  preserving  process. 

32.  Piles  which  have  to  be  driven  through  hard  ground 
require  to  be  rung,  that  is,  to  have  an  iron  hoop  fixed  tightly 
on  their  heads,  to  prevent  them  from  splitting,  and  also  to 
be  shod  with  iron  shoes  ;  the  shoes  may  be  of  wrought  or  of 
cast  iron.     For  single  piles  the  point  of  the  shoe  is  placed  in 
the  centre  of  the  pile  ;  but  for  sheet-piling,  the  shoes  are 
made  not  with  a  point,  but  with  an  edge,  which  is  not  level, 
but  slightly  inclined,  so  as  in  driving  to  give  the  pile  a  drift 
towards  the  pile  last  driven,  by  which  means  a  close  contact 
is  ensured.     Great  care  is  required,  in  shoeing  a  pile,  to  en 
sure  that  the  shoe  is  driven  perfectly  home     The  advantage 
of  a  cast-iron  shoe  is,  that  the  inside  can  be  formed  with  a 
square  abutment  on  which  the  pile  rests,  whilst  a  wrought/ 
iron  shoe  has  to  be  driven  up  until  the  toe  of  the  pile  is 
wedged  tight,  and,  as  the  force  with  which  the  pile  is  driven 
into  the  ground  greatly  exceeds  that  with  which  the  shoe  is 
driven  on  the  pile,  it  will  often  happen  that  the  shoe  will 
burst  open,  and  allow  the  point  of  the  pile  to  be  crushed  be 
fore  it  is  down  to  its  full  depth. 

33.  Sheeting  piles  should  be  carefully  fitted  to  each  other 
before  driving,  otherwise  they  cannot  be  expected  to  come 
in  close  contact  when  driven      In  some  few  cases  it  is  worth 
while  to  groove  and  tongue  the  edges,  but  this  is  seldom 
done,  and  if  the  piles  are  perfectly  parallel  and  truly  driven 
the  swelling  of  the  wood  when  exposed  to  moisture  will 
generally  secure  a  tight  joint. 

34.  As  a  general  rule,  broken  timber,  that  is,  timber  cut 
out  of  larger  balks,  should  be  avoided.     A  10-in.  stick  of 
Swedish  timber  will  drive  better  and  with  less  risk  of  split 
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ing  than  a  quarter  of  a  20-in.  balk  of  best  Dantzic.  If 
piles  must  be  cut  from  large  balks,  the  heart  of  the  wood 
should,  if  possible,  be  left  in  the  centre  of  the  pile. 

35.  In  driving  sheet-piling,  the  piles  are  kept  in  their  pro 
per  position  by  horizontal  pieces  of  timber  called  wales,  which 
are  fixed  to  guide  piles  previously  driven.     In  driving  coffer 
dams  and  similar  works,  the  wales  are  seldom  placed  below 
the  -water-line,  but  this  may  be  done  with  great  benefit  by  * 
attaching  the  wales  to  hoops  dropped  over  the  heads  of  the 
guide  piles,  and  pushed  down  as  low  as  the  ground  will  per 
mit.    In  driving  into  or  through  a  hard  stratum,  it  is  de 
sirable  that  the  auger  should  precede  the  driving,  as  it  will 
save  much  time,  and  much  injury  to  the  piles  ;  and  in  all 
cases  where  a  hard-bearing  stratum  has  to  be  reached  at  a 
variable  depth,  the  boring-rod  should  be  used  to  ascertain 
the  length  of  pile  required,  as  nothing  is  more  vexatious  than 
finding  a  pile  a  few  inches  too  short  when  driven,  or,  on  the 
other  hand,  having  to  cut  off  5  or  6  ft.  of  good  timber,  which 
must  be  needlessly  wasted. 

36.  Many  writers  have  endeavored  to  lay  down  rules  for 
calculating  the  effect  of  a  given  blow  in  sinking  a  pile,  but 
investigations  of  this  kind  are  of  little  practical  value,  because 
we  can  never  be  in  possession  of  sufficient  data  to  enable  us 
to  obtain  even  an  approximate  result.    The  effect  of  each 
blow  on  the  pile  will  depend  on  the  force  of  the  blow,  the 
velocity  of  the  ram,  the  relative  weights  of  the  ram  and  the 
pile,  the  elasticity  of  the  pile  head,  and  the  resistance  offered 
by  the  ground  through  which  the  pile  is  passing,  and  as  we 
never  can  ascertain  the  two  last-named  conditions  with  any 
certainty,  any  calculations  in  which  they  are  only  assumed 
must  of  necessity  be  mere  conjectures, 

37.  Piles  driven  for  temporary  purposes  are,  at  the  com 
pletion  of  their  term  of  service,  either  drawn  for  the  value  of 
the  timber  and  iron  shoes,  or  cut  off  at  the  level  of  the 
ground  if  they  are  in  situations  where  the  drawing  of  the 
piles  might  cause  any  risk  to  the  adjacent  work.    When 
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a1ieet-piling  has  been  driven  round  the  foundations  of  airy 
work,  as  in  forming  a  cofferdam  round  the  pier  of  a  bridge, 
there  will  always  be,  in  the  event  of  its  being  drawn,  tho 
risk  of  the  ground  settling  down  to  fill  up  the  vacancy  thereby 
occasioned  ;  but  in  clay  or  marl  soils  this. is  not  the  greatest 
danger,  for  the  water  scours  out  and  enlarges  the  race  thus 
formed,  and  the  bottom  speedily  becomes  broken  up,  nearly 
to  the  depth  to  which  the  piles  were  driven.  As  a  general 
rule,  therefore,  it  may  be  laid  down,  that  piles  in  such  situa 
tions  should  never  be  drawn,  but  should  be  cut  off  at  the 
level  of  the  ground,  and  this  may  be  done  in  various  ways. 
1st.  By  common  means,  the  men  working  in  a  diving  bell, 
or  with  diving-helmets.  2d.  By  machinery  especially  con 
structed  for  the  purpose.  3d.  In  the  case  of  cofferdams,  by 
cutting  the  piles  nearly  through  from  the  inside  with  the 
adze,  leaving  the  water  on  the  outside  of  the  piles  to  com 
plete  the  operation  on  the  removal  of  the  strutting, 

38.  There  are  many  cases,  however,  in  which  it  becomes 
necessary  to  draw  piles,  and  the  modes  in  which  this  may  be 
done  are 'almost  infinite.  The  common  plan,  where  the  situ 
ation  will  admit  of  it,  is  to  make  use  of  a  balk  of  timber  as  a 
lever,  One  end  of  which  is  shackled  to  the  head  of  the  pile, 
whilst  to  the  other  end  is  applied  such  power  as  can  most 
readily  be  obtained. 

39.,  A,  very  simple  method  of  drawing  piles  is  by  means  of 
a  powerful  screw,  of  which  one  end  is  hooked  to  a  shackle 
passing  round  the  head  of  the  pile,  whilst  the  other  passes 
through  a  cross-head,  resting  firmly  on  temporary  supports 
placed  on  each  side  of  the  pile. 

40.  Cofferdams. — A  cofferdam  may  be  described  as  a 
water-tight  wall,  constructed  round  the  site  of  any  work,  for 
the  purpose  of  laying  dry  the  bottom  by  pumping  out  the 
water  from  the  area  thus  enclosed.  In  some  situations,  this 
may  be  effected  by  earthera  dams,  by  bags  of  clay  piles  on 
each  other,  or  by  rough  caissons,  w*thout  top  or  bottom, 
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filled  with  clay,  and  sunk  in  line  round  the  space  to  be  en 
closed  ;  but  in  the  majority  of  cases,  the  method  is  to  drive 
two  or  more  rows  of  close  piling,  and  to  iill  up  the  space  be 
tween  them  with  clay  puddle. 

41.  Cofferdams  are  sometimes  formed,  in  shallow  water, 
with  a  single  row  of  sheet-piling  ;  but  this  is  very  precarious 
work,  as,  unless  the  piles  are  fitted  together  with  great 
truth,  it  is  impossible  to  keep  the  joints  close,  and  to  prevent 
leakage.     A  single  row  of  sheet-piling  may,  however,  be 
often  used  with  great  advantage  as  a  protection  and  support 
in  front  of  an  earthen  dam,  and  this  is  a  very  economical 
and  satisfactory  method  of  proceeding  where  there  is  no 
depth  of  water. 

42.  Cofferdams  are  subject  to  heavy  external  pressure 
from  the  water  round  them,   which    would    crush  them 
In,  were  they  not  very  firmly  strutted.      In    cofferdams 
Inclosing  a  small  area,  as,  for  instance,  the  site  of  the  pier  of 
a  bridge,  the  strutting  is  placed  from  side  to  side,  in  the 
manner  that  will  give  the  greatest  facility  for  carrying  on  the 
work,  the  struts  being  gradually  removed  as  the  latter  pro 
ceeds. 

In  constructing  dams  in  front  of  a  wharf  wall,  or  similar 
work,  the  strutting  requires  to  be  effected  in  a  different  man 
ner,  and  the  plan  usually  adopted  is  to  form  a  series  of  but 
tresses,  or  counterforts,  at  short  intervals,  from  which  the 
intermediate  portions  of  the  dam  can  be  strutted  with  raking, 
horizontal  struts.  The  strength  given  to  these  counterforts 
must,  of  course,  depend  on  the  amount  of  pressure  to  come 
on  the  dam. 

48.  In  rivers  subject  to  heavy  freshets  it  is  common,  in 
constructing  cofferdams,  to  keep  the  top  of  the  dams  below 
the  flood  level,  as  it  is  generally  less  expensive  to  pump  ouf 
the  water  from  the  interior  of  the  dam  occasionally,  than  to 
construct  and  maintain  a  dam  which  should  sustain  the 
pressure  of  the  flood  waters  ;  and  it  is  always  advisable  to 
provide  every  dam  with  a  sluice,  by  mean  of  which  the  water 
27 
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can  be  admitted,  if  there  is  any  fear  of  injury  from  a  sudden  " 
freshet  or  from  any  other  cause.  In  tidal  waters  the  operation 
of  closing  a  dam  is  sometimes  rather  hazardous  (unless  it 
can  be  performed  at  low  water),  from  the  tide  falling  out 
side,  without  the  dead  water  inside  being  able  to  escape 
sufficiently  quick  through  the  sluices  to  maintain  an  equili 
brium  ;  and,  unless  the  piles  and  puddle  wall  are  sufficiently 
strong  to  resist  this  outward  pressure,  the  work  will  be 
violently  strained,  and  often  permanently  injured.  When 
the  site  to  be  inclosed  is  above  the  level  of  low  water,  half- 
tide  dams  are  sometimes  resorted  to.  A  hall-tide  dam  is  one 
which  is  covered  and  filled  at  every  tide,  and  emptied  by 
sluices  at  low  water,  the  available  working  hours  lasting  from 
the  time  the  bottom  runs  dry  until  the  flood  tide  reaches  the 
top  of  the  clam. 

44.  The  principal  difficulties  in  the  construction  of  coffer 
dams  may  be  thus  briefly  stated  :• — 

1st.  To  obtain  a  firm  foothold  for  the  piles,  which,  in  either 
rock  or  mud,  is  a  matter  of  great  difficulty. 

2d.  To  prevent  leakage  between  the  surface  of  the  ground 
and  the  bottom  of  the  puddle. 

3d.  To  prevent  leakage  through  the  puddle  wall. 
4th.  To  keep  out  the  bottom  springs. 

BBTAINING  WALLS, 

45.  The  name  of  retaining  wall  is  applied  generally  to  all 
walls  built  to  support  a  mass  of  earth  in  an  upright  or  nearly 
upright  position  ;  but  the  term  is,  strictly  speaking,  restricted 
to  walls  built  to  retain  an  artificial  bank,  those  creeled  tc 
sustain  the  face  of  the  solid  ground  being  called  breast  walls* 
(See  fig.  8) 
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46.  Retaining  Walls. — Many  rules  have  been  given  by 
different  writers  for  calculating  the  thrust  which  a  bank  of 
earth  exerts  against  a  retaining  wall,  and  for  determining  the 
form  of  wall  which  affords  the  greatest  resistance  with  the 
least  amount  of  material    The  application  of  these  rules  to 
practice  is,  however,  extremely  difficult,  because  we  have  no 
means  of  ascertaining  the  exact  manner  in  which  earth  acts 
against  a  wall ;  and  they  are,  therefore,  of  little  value  except 
in  determining  the  general  principles  on  which  the  stability 
of  these  constructions  depends. 

47.  The  calculation  of  the  stability  of  a  retaining  wall 
divides  itself  into  two  parts  : 

1st.  The  thrust  of  the  earth  to  be  supported. 
2d.  The  resistance  of  the  wall. 

48.  Definitions  (see  fig.  9.) — The  line  of  rwptwe  is  that 
along  which  separation  takes  place  in  case  of  a  dvp  of 

Fig.  9. 


CENTOS  OF  PRESSURE.— $ 


earth.    The  slope  which  the  earth  would  assume,  if  left  to 
tally  unsupported,  is  called  the  natwral  slope,  and  it  has  been 
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found  that  the  line  of  rupture  generally  divides  the  angle 
formed  by  the  natural  slope  and  the  back  of  the  wall  into 
nearly  equal  parts. 

The  centre  of  pressure  is  that  point  in  the  back  of  the  wall 
above  and  below  which  there  is  an  equal  amount  of  pressure  ; 
and  this  has  been  found  by  experiment  and  calculation  to  be 
at  two-thirds  of  the  vertical  height  of  the  wall  from  its  top. 

The  wall  is  assumed  to  be  a  solid  mass,  incapable  of 
sliding  forward,  and  giving  way  only  by  turning  over  on  its 
front  edge  as  a  fulcrum.  In  the  annexed  diagram's  the 
foundations  of  the  walls  have,  in  all  cases,  been  omitted,  to 
simplify  the  subject  as  much  as  possible.  The  term  slope  in 
the  following  investigation  is  used  as  synonymous  with  the 
expression  tine  of  rupture. 

49.  Amount  and  Direction  of  the  Thrust. — There  are  two 
ways  in  which  this  may  be  calculated  : — 1st,  By  considering 
the  earth  as  a  solid  mass  sliding  down  an  inclined  plane,  all 
slipping  between  the  earth  and  the  back  of  the  wall  being 
prevented  by  friction.  This  gives  the  minimum  thrust  of  the 
earth.  2nd,  By  assuming  the  particles  of  earth  to  have  so 
little  cohesion,  that  there  is  no  friction  either  on  the  slope  or 
against  the  back  of  the  wall.  This  method  of  calculation 
gives  the  maximum  thrust. 

The  real  thrust  of  any  bank  will  probably  be  somewhere 
between  the  two,  depending  on  a  variety  of  conditions  which 
it  is  impossible  to  reduce  to  calculation  ;  for,  although  we 
may  by  actual  experiments  with  sand,  gravel,  and  earths  of 
different  kinds,  obtain  data  whence  to  calculate  the  thrust 
exerted  by  them  in  a  perfectly  dry  state,  another  point  must 
be  attended  to  when  we  attempt  to  reduce  these  results  to 
practice,  viz.,  the  action  of  water,  which,  by  destroying  the 
cohesion  of  the  particles  of  earth,  brings  the  mass  of  material 
behind  the  wall  into  a  semi-fluid  state,  rendering  its  aciion 
more  or  less  similar  to  that  of  a  fluid  according  to  the  degree 
of  saturation. 
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The  tendency  to  slip  will  also  very  greatly  depend  on  the 
manner  in  which  the  material  is  filled  against  the  wall.  If 
the  ground  be  l&ncked  out  (see  fig,  8,)  and  the  earth  well 
punned  in  layers  inclined  from  the  wall,  the  pressure  will  be 
very  trilling,  provided  only  that  attention  be  paid  to  surface 
and  back  drainage.  If,  on  the  other  hand,  the  bank  be  tip 
ped  in  the  usual  manner  in  layers  sloping  towards  the  wall, 
the  full  pressure  of  the  earth  will  be  exerted  against  it,  and 
it  must  be  made  of  corresponding  strength. 

50.   Calculation  of  Mimmum  Thrust.  —  The  weight  of  the 
prism  of  earth  represented  by  the  triangle  A  B  C,  fig.  9, 
Fig.  10.  w^  *)e  cu"rec^y  as  the  breadth  AC, 

the  height  being  constant  ;  and  the 
inclination  of  B  0  remaining  con 
stant,  but  the  height  varying,  the 
weight  will  be  as  the  square  of  the 
height.  If,  therefore,  we  call  the 
weight  of  the  prism  ABC,  W, 
the  breadth  AC,  b,  the  height 
AB,  hj  and  the  specific  gravity  of 

the  earth,  sr  we  shall  have  W  =  _  ^   If   we   call    the 

2. 

thrust  of  W  in  the  direction  of  the  slope  W,  then  (neglect 
ing  friction,  )  on  the  principle  of  the  inclined  plane,  W  will 
be  to  W  as  the  length  of  the  incline  is  to  its  height  ;  or, 
calling  the  length  B  C,  Z,  then 


i  :  W:W'  =  -  = 


*  The  value  of  W'  here  given  "will  Increase  with  the  length  of  A  0  in  a  constantly 

A% 

decreasing  ratio,  never  exceeding  —  supposing  the  back  of  the  -wall  to  he  upright. 

2 

But  in  practice  the  friction  must  always  he  taken  into  consideration  ;  and,  as  this 
increases  directly  as  A  C,  there  win  be  a  limit  at  which,  the  thrust  and  the  resist. 
anoe  balance  each  other,  this  limit  being  the  natural  slope  ;  and,  as  the  thrust  and 
the  resistance  increase  with  the  length  of  A  0  In  different  ratios,  there  will  he  a 
point  at  which  the  effective  thrust  is  greatest,  or,  in  other  words,  a  Blope  of  maxJ 
mum  thrust  which  determines  the  position  of  the  line  of  rupture. 
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The  effect  of  the  weight  of  the  prism  A  B  0  to  overturn  the 
wall  will  be  as  W  multiplied  by  the  leverage  E  F,  fig.  10, 
found  by  letting  fall  the  perpendicular  E  F,  from  the  front 
edge  of  the  wall,  upon  D  F,  drawn  through  the  centre  of 
pressure  in  a  direction  parallel  to  the  slope.  When  D  F 
passes  through  E,  then  E  F  =  0,  and  the  thrust  has  no  ten 
dency  to  overturn  the  wall  ;  and  when  D  F  falls  within  the 
base  of  the  wall,  E  F  becomes  a  negative  quantity,  the  thrust 
increasing  its  stability.  Calling  the  overturning  thrust  T, 
we  have 


the  value  of  E  F*  depending  on  the  inclination  of  the  slope, 
and  the  width  of  the  base  of  the  wall. 

51.  Calculation  of  Maximum  Thrust,  —  If  we  consider  the 
moving  mass  to  slide  freely  down  the  slope,  and  the  friction 
between  the  earth  and  the  back  of  the  wall  to  be  so  slight 
as  to  be  inappreciable,  then  the  prism  ABC  will  act  as  a 
wedge,  with  a  pressure  perpendicular  to  the  back  of  the 
wall,  which  will  be  the  same  whatever  the  inclination  of  B 
C,  the  height  and  inclination  of  the  back  of  the  wall  being 
constant,  and  as  the  square  of  the  height  where  the  height 
varies,  the  pressure  being  the  least  when  the  back  of  the 
wall  is  vertical  ;  for  calling  the  pressure  P,  and  drawing 
A  I,  fig.  11,  perpendicular  to  B  C,  we  have,  on  the  princi]  fe 
of  the  wedge, 

W'XAB         bhtsXA.'B 

.     AI:AB::W:P  =  -  =  -- 

AI  2ZXAI 

and  by  construction  5  A=Z  A  I,  as  they  are  each  equal  fcc 
_ 

*    *EF=-  X     -  -  EB    and 
I         '3  7    ' 

b  52  1    h  [i        \'tto  8    ft         \ 

T—  W'XEF  =  -  X-    --  EB    --  X  —  EB  1 
2J         I  \3          /        2/2     \3  / 
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twi<*e  the  area  of  triangle  ABC;  therefore,  by  substitution 
ZAIAsXAB      hsXA.'B 


2/AI  2 

The  effect  of  the  prism  A  B  0  to  overturn  the  wall  will  be 
P  multiplied  by  the  leverage  EF*,  which  will  be  found  by 
drawing  D  E,  fig  13,  at  right  angles  to  the  back  of  the  wall 
Fig.  11.  Fig.  12. 


through  the  centre  of  pressure,  and  making  B  F  perpendicular 
to  it  ;  then  calling  the  overturning  thrust,  as  before,  T, 

ABX/bXEF 


2 

When  D  F  passes  through  E,  then  E  F  =  0,  and  the  thrust 
has  no  tendency  to  overturn  the  wall  ;  and,  if  D  F  falls  within 
tae  base,  the  thrust  will  increase  its  stability.  When  the 
back  of  the  wall  is  vertical,  then 

h  k*$ 

=A  and  EF=—  and  T=  — 
3  6 


*  Calling  the  angle  X  A  B  «  6 
AB       EB.AX      h 

s [ =    oosec  6  +  B  B  cos.  0 

3    —      AB  3  ~ 

AB.A*        /AB       EB.AXX 

""2  \    3    -"      AB     j 


ha      /"AB2  \ 

—  X     +  EB.AX 

2       V    3     —  ) 


The  positive  sign  is  to  be  used  when  the  back  of  the  wall  leans  backwards ;  1 
negative,  when  it  leans  forwards. 
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52.  These  results  show  that,  where  the  friction  of  the 
earth  against  the  slope  and  the  back  of  the  wall  is  destroyed 
by  the  filtration  of  water,  the  action  of  the  earth  will  be 
precisely  similar  to  that  of  a  column  of  water  of  the  height 
of  the  wall    The  pressure  upon  the  side  of  any  vessel  is  the 
half  of  the  pressure  that  would  take  place  upon  the  bottom 
if  of  the  same  area.    Now,  calling  the  specific  gravity  of  the 
water  $,  the  pressure  upon  the  bottom,  supposing  its  length 
to  be  A  B?  would  be  h  s  A  B  ;  therefore  the  pressure  upon 
the  side  will  be  hs  A  B  h  s  A  B.E  E 

;  andT=PXBF= . 

2      '  2 

And,  where  the  back  of  the  wall  is  vertical,  then 

h 

A  B = h  and  B  F  =  -  as  above.    Therefore 
3 

tfs  ti*s    h       W$ 

p and  T  =— X~=~-  ; 

2  236 

which  results  are  precisely  the  same  as  those  arrived  at 
above. 

53.  Resistance  of  ike  Wall. — Considering  the  wall  as  a 
solid  mass,  the  effect  of  its  weight  to  resist  an  overturning 
thrust  will  be  directly  as  the  horizontal  distance  B  H  from 
its  front  edge  to  a  vertical  line  drawn  through  0*,  the  contte 
of  gravity  of  the  wall,  fig.  13  ;  or,  calling  the  resistance  R, 
and  the  weight  of  the  wall  w,  then  R  =  w  X  B  H.   EH  will 
be  directly  as  E  B,  the  proportions  of  the  wall  being  con 
stant  ;  therefore  a  wall  of  triangular  section  will  afford  more 
resistance  than  a  rectangular  one  of  equal  sectional  area, 
the  base  of  a  triangle  being  twice  that  of  a  rectangle  of 
equal  height  and  area. 

If  the  wall  be  built  with  a  curved  concave  batter,  fig.  14, 
E  H  will  be  still  greater  than  in  the  case  of  a  triangular 
wall  of  equal  sectional  area  ;  and,  if  the  wall  were  one  solid 
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mass  incapable  of  fracture, 
this  form  would  offer  more  re 
sistance  than  the  triangular. 
But,  as  this  is  not  the  case, 
we  may  consider  any  portion 
of  the  wall  cut  off  from  the 
bottom  by  a  level  line  to 
be  a  distinct  wall  resting  upon 
the  lower  part  as  a  foundation. 
Imagine  A  e  I  to  be  a  complete  wall  capable  of  turning  upon 
e  as  a  fulcrum.  The  resistance  would  be  considerably  less 
than  that  of  the  corresponding  portion  of  a  triangular  wall, 
In  the  case  of  a  triangular  wall,  the  proportions  of  the 
resistance  to  the  thrust  will  be  the  same  throughout  it.s 
height.  In  the  case  of  a  rectangular  one,  the  resistance  will 
bear  a  greater  proportion  to  the  thrust,  the  greater  the  dis 
tance  fr6m  the  bottom.  In  the  case  of  a  wall  with  a  con 
cave  curved  batter,  the  reverse  of  this  takes  place. 

The  value  of  B  H  will  be  greatest  when  B  H  =  E  B,  the- 
wall  will  be  then  exactly  balanced  on  H  ;  but  in  practice* 
this  limit  should  never  be  reached,  for  fear  the  wall  should* 
become  crippled  by  depending  on  the  earth  for  support.  The- 
value  of  E  H  will  be  least  when  H  coincides  with  E,  which, 
opposite  limit  also  is  never  reached  in  practice — for  obvious  t 
reasons — as  the  wall  would  in  this  case  overhang  its  base, , 
and  be  on  the  point  of  falling  forward. 

54.  The  increased  leverage  is  not  the  only  advantage- 
gained  by  the  triangular  form  of  wall  In  the  foregoing 
investigation,  we  have  considered  the  wall  as  a  solid  mass 
turning  on  its  front  edge.  Now,  practically  >  tlie  difficulty  iV 
not  so  much  to  keep  the  wall  from  overturning  as  to  prevent 
the  courses  from  sliding  on  each  other. 

In  an  upright  wall,  built  in  horizontal  courses,  the  chief 
resistance  to  sliding  arises  from  the  adhesion  of  the  mortar  ;• 
but,  if  the  wall  be  built  with  a  sloping  or  laU&ring  face,  the 
beds  of  the  courses  being  inclined  to  the  horizon,  the  resist 
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auce  to  the  thrust  of  the  bank  is  increased  in  proper 
tion  to  the  tendency  of  the  courses  to  slide  down 
towards  the  bank ;  thus  rendering  the  adhesion  of  the 
mortar  merely  an  additional  security.  The  importance 
of  making  the  resistance  independent  of  the  adhesion 
of  the  mortar  is  obviously  very  great,  as  it  would  otherwise 
be  necessary  to  delay  backing  up  a  wall  until  the 
mortar  were  thoroughly  set,  which  might  require  several 
months. 

55.  The  exact  determination  of  the  thrust  which  will  be 
exerted  against  a  wall  of  given  height  is  not  possible  in 
practice  ;    because  the  thrust    depends    on  the   cohesion 
of  the  earth,  the  dryness  of  the  material,  the  mode  of 
backing    up  the    wall,    and   other   conditions   which   we 
have  no  means  of  ascertaining.     Experience  has,  however, 
shown  that  the  base  of  the  wall  should  not  be  less  than 
one-fourth,    and  the  batter  or  slope  not    less  than   one- 
sixth  of  the  vertical  height,  wherever   the  case  is  at  all 
doubtful. 

56.  The  results  of  the  above  investigation  are  illustrated 
in  figures  14, 15,  16,  IT,  and  18,  which  show  the  relative 


Fig.  14 


Fig.  15. 


sectional  areas  of  walls  of  different  shapes,  that  would  be 
required  to  resist  the  pressure  of  a  bank  of  earth  12  feet 
high. 
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Fig,  16. 


Fig.  17. 


Fig.  IS. 


The  first  three  examples  are  calculated  to  resist  the  rnaxl 
mum,  and  the  fourth,  the  minimum,  thrust ;  whilst  the^last 
figure  shows  the  modified  form  usually  adopted  in  practice. 

57.  It  is  sometimes  necessary  in  soft  ground  to  protect  the 
toe  or  front  edge  of  a  retaining  wall  with  sheet  piling,  to  pre 
vent  it  from  being  forced  forward  ;  this  is  shown  in  fig.  8. 

58.  Counterforts.— Retaining  walls  are  often  built  with 
counterforts,  or  buttresses,  at  short  distances  apart,  which 
allow  of  the  general  section  of  the  wall  being  made  lighter 
than  would  otherwise  be  the  case.    The  principle  on  which 
these  counterforts  are  generally  built  is,  however,  very  de 
fective,  as1  they  are  usually  placed  behind  the  wall,  which 
frequently  becomes  torn  from  them  by  the  pressure  of  the 
earth.    The  strength  of  any  retaining  wall  would,  however, 
be  greatly  increased  were  it  built  as  a  series  of  arches,  abut 
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ting  on  long  and  thin  buttresses  ;  but  the  loss  of  space  that 
would  attend  this  mode  of  construction  has  effectually  pre 
vented  its  adoption  except  in  a  few  instances. 

59.  Breast  Walls. — Where  the  ground  to  be  supported  is 
firm,  and  the  strata  are  horizontal,  the  office  of  a  breast  wall 
is  more  to  protect,  than  to  sustain  the  earth.     It  should  be 
borne  in  mind  that  a  trifling  force,  skilfully  applied  to  un 
broken  ground,  will  keep  in  its  place  a  mass  of  material 
which,  if  once  allowed  to  move,  would  crush  a  heavy  wall  7 
and,  therefore,  great  care  should  be  taken  not  to  expose  the 
newly  opened  ground  to  the  influence  of  air  and  wet  for  a 
moment  longer  than  is  requisite  for  sound  work,  and  to  avoid 
leaving  the  smallest  space  for  motion  between  the  back  of 
the  wall  and  the  ground. 

60.  The  strength  of  a  breast  wall  must  be  proportionately 
increased  when  the  strata  to  be  supported  incline  towards 
the  wall,  as  in  fig.  19  :  where  they  incline  from  it,  the  wall 
need  be  little  more  than  a  thin  facing  to  protect  the  ground 
from  disintegration. 

Fi.g  19. 


61.  The  preservation  of  the  natural  drainage  is  one  of  the 
most  important  points  to  be  attended  to  in  the  erection  of 
breast  walls,  as  upon  this  their  stability  in  a  great  measure 
depends.  No  rule  can  be  given,  for  the  best  manner  of  doing 
this  ;.  it  must  be  a  matter  for  attentive  consideration  in  each 
particular  case. 
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62.  An  arch  in  perfect  equilibrium  may  be  considered  as 
a  slightly  elastic  curved  beam,  every  part  of  which  is  in  a 
state  of  compression,  the  pressure  arising  from  the  weight  of 
the  arch  and  its  superincumbent  load  being  transmitted  to 
the  abutments  on  which  it  rests  in  a  curved  line  called  the 
curve  of  equilibrium,  passing  through  the  thickness  of  the 
arch. 

68.  The  wedge-shaped  stones  of  which  a  stone  arch  is 
composed  are  called  the  voussoirs.  The  upper  surface  of  an 
arch  is  called  its  extrados,  and  the  lower  surface  its  intrados 
or  soffit  (see  fig.  20).  Theoretically,  a  stone  arch  might 

Fig.  20. 


give  way  by  the  sliding  of  the  voussoirs  on  each  other ;  but 
in  practice  the  friction  of  the  material  and  the  adhesion  of 
the  mortar  is  sufficient  to  prevent  this,  and  failure  takes 
place  in  the  case  of  an  overloaded  arch  by  the  voussoirs 
turning  on  their  edges. 

64:.  The  curve  of  equilibrium  will  vary  with  the  rise  and 
span  of  the  arch,  the  depth  of  the  arch  stones,  and  the  dis 
tribution  of  the  load,  but  it  will  always  -have  this  property, 
namely,  that  the  horizontal  thrust  will  be  the  same  at  every 
part  of  it.  In  order  that  an  arch  may  be  in  perfect  equili- 
27 
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brium,  its  curvature  should  coincide  with  that  of  the  curve 
of  equal  horizontal  thrust ;  if,  from  being  improperly  do- 
signed  or  unequally  loaded,  this  latter  curve  approaches 
either  the  intrados  or  the  extrados,  the  voussoirs  will  be 
liable  to  fracture  from  the  pressure  being  thrown  on  a  very 
small  bearing  surface  ;  and  if  it  be  not  contained  within  the 
thickness  of  the  arch,  failure  will  take  place  by  the  joints 
opening,  and  the  voussoirs  turning  on  their  edges. 

65.  The  manner  in  which  the  curve  of  equilibrium  is  af 
fected  by  any  alteration  in  the  load  placed  upon  an  arch  may 
readily  be  seen  by  making  an  experimental  equilibrated  arch 
with  convex  voussoirs,  as  shown  in  fig.  20.    When  bearing 
its  own  weight  only,  the  points  of  contact  of  the  voussoirs 
will  lie  wholly  in  the  centre  of  the  thickness  of  the  arch  ; 
when  loaded  at  the  crown,  the  points  of  contact  will  ap 
proach  the  extrados  at  the  crown,  and  the  intrados  at  the 
haunches  ;  and,  if  loaded  at  the  haunches,  the  reverse  effect 
will  take  place. 

66.  If  a  chain  be  suspended  at  two  points,  and  allowed  to 
hang  freely  between  them,  the  curve  it  takes  is  the  curve  of 
equilibrium  of  an  arch  of  the  same  span  and  length  on  soffit, 
in  which  the  weights  of  the  voussoirs  correspond  to  the 
weights  of  the  links  of  the  chain,  and  would  be  precisely  the 
same  as  that  marked  out  by  the  points  of  contact  of  the 
curved  voussoirs  of  an  experimental  arch  of  the  same  dimen 
sions  built  as  above  described. 

6t.  In  designing  an  arch,  two  methods  of  proceeding  pre 
sent  themselves :  we  may  either  confine  the  load  to  the 
weight  of  the  arch  itself  or  nearly  so,  arid  suit  the  shape  of 
the  arch  to  a  given  curve  of  equilibrium,  or  we  may  design 
the  arch  as  taste  or  circumstances  may  dictate,  and  load  it 
until  the  line  of  resistance  coincides  with  the  curve  thus  de 
termined  upon. 

The  Gothic  vaults  of  the  middle  ages  were,  in  a  great 
measure,  constructed  on  the  first  of  these  methods,  being  in 
many  cases  only  a  few  inches  in  thickness,  and  the  curvature 
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of  the  main  ribs  coinciding  very  nearly  with  their  curves  of 
equal  horizontal  thrust.  We  have  no  means  of  ascertaining 
whether  this  was  the  result  of  calculation  or  experiment ; 
probably  the  latter,  but  the  principle  was  evidently  under 
stood. 

At  the  present  day,  the  requirements  of  modern  bridge 
building  often  leave  the  architect  little  room  for  choice  in 
the  proportions  of  his  arches,  or  the  height  and  inclinations 
of  the  roadway  they  are  to  carry  ;  and  it  becomes  necessary 
to  calculate  with  care  the  proportion  of  the  load  which  each 
part  of  the  arch  must  sustain,  in  order  that  the  curve  of 
equilibrium  may  coincide  with  the  curvature  of  the  arch. 

68.  The  formulas  for  calculating  the  equilibration  of  an 
arch  are  of  too  intricate  a  nature  to  be  introduced  in  these 
pages ;  but  the  principles  on  which  they  depend  are  very 
simple. 

Let  it  be  required  to  construct  a  stone  arch  of  a  given 
curvature  to  support  a  level  roadway,  as  shown  in  fig.  20, 
and  to  find  the  weight  with  which  each  course  of  voussoirs 
must  be  loaded  to  bring  the  arch  into  equilibrium. 

Draw  the  centre  line  of  the  arch  to  a  tolerably  large  scale 
in  an  inverted  position  on  a  vertical  plane,  as  a  drawing 
board,  for  instance,  and  from  its  springing  points  a,  d,  sus 
pend  a  fine  silk  thread  of  the  length  of  this  centre  line  strung 
with  balls  of  diameter  and  weight  corresponding  to  the 
thickness  and  weight  of  the  voussoirs  of  the  arch  ;  then, 
from  the  centre  of  each  ball  suspend  such  a  weight  as  will 
bring  the  thread  to  the  curve  marked  on  the  board,  and 
thefe€  weights  will  represent  the  load  which  must  be  placed 
over  the  centre  of  gravity  of  each  of  the  voussoirs,  as  shown 
'  by  the  dotted  lines,  in  order  that  the  arch  may  be  in  equi 
librium. 

To  find  what  will  be  the  thrust  at  the  abutments,  or  at 
any  point  in,  the  arch,  draw  a  c,  touching  the  curve,  the  ver 
tical  line  a  b  of  any  convenient  length,  and  the  horizontal 
line  b  ct  then  the  lengths  of  the  lines  a  c,  a  bt  and  b  c,  wiJl.be 
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respectively  as  the  thrust  of  the  arch  at  a,  in  the  direction  a  c, 
and  the  vertical  pressure  and  horizontal  thrust  into  which  it 
is  resolved  ;  and  the  weight  of  that  part  of  the  arch  between 
its  centre  and  the  point  a,  which  is  represented  by  a  ft,  being 
known,  the  other  forces  are  readily  calculated  from  it, 

69,  When  the  form  of  an  arch  does  not  exactly  coincide 
with  its  cnrve  of  equal  horizontal  thrust,  there  will  always 
be  some  minimum  thickness  necessary  to  contain  this  curve, 
and  to  insure  the  stability  of  the  arch.  In  a  semicircular,  fig. 
21,  whose  thickness  is  one-ninth  of  its  radius,  the  line  of  equal 
horizontal  thrust  just  touches  the  extrados  at  the  crown,  and 
the  intrados  at  the  haunches,  pointing  out  the  places  where 
failure  would  take  place  with  a  less  thickness  or  an  unequal 
load,  by  the  voussoirs  turning  on  their  edges.  Those  arches 
which  differ  most  from  their  curves  of  equal  horizontal  thrust 
are  semicircles  and  semi-ellipses,  which  have  a  tendency  to 
descend  at  their  crowns  and  to  rise  at  their  haunches,  unless 

Fig.  21. 


they  are  well  backed  wp.  Pointed  arches  have  a  tendency  to 
rise  at  the  crown  ;  and,  to  prevent  this,  the  cross  springers 
of  the  ribbed  vaults  of  the  middle  ages  were  often  made, of  a 
semicircular  profile,  their  flatness  at  the  crown  being  con 
cealed  by  the  bosses  at  their  intersections. 

TO.  If  the  experiment  be  tried  of  equilibrating,  in  the 
manner  above  described,  a  suspended  semicircular  or  semi- 
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elliptical  arch,  it  will  be  found  to  be  practically  impossibit, 
as  the  weight  required  for  that  purpose  becomes  infinite  a* 
the  springing.  This  difficulty  does  not  exist  in  practice,  for 
that  part  of  an  arch  which  lies  beyond  the  plane  of  the  face 
of  the  abutment  in  reality  forms  a  part  of  the  abutment 
itself  (fig.  21J. 

The  Gothic  architects  well  understood  this,  and  in  their 
vaulted  roofs  built  this  portion  in  horizontal  courses  as  part 
of  the  side  walls  (fig.  22),  commencing  the  real  arch  at  a 
point  considerably  above  the  spinging. 

71.  The  depth  of  the  youssoirs  in  any  arch  must  be  suffi- 

Fig.  22.*  cient  to  contain  the  curve  of 

equilibrium  under  the  greatest 
load  to  which  it  can  be  exposed; 
and,  as  the  pressure  on  the  arch 
stones  increases  from  the  crown 
to  the  springing,  their  depth 
should  be  increased  in  the  same 
proportion.  Bach  joint  of  the 
voussoirs  should  be  at  right 
angles  to  a  tangent  to  the  curve 
of  equilibrium  at  the  point 
through  which  it  passes. 

72.  Brick  Arches. — In  building  arches  with  bricks  of  the 
common  shape,  which  are  of  the  same  thickness  throughout 
their  length,  a  difficulty  arises  from  the  thickness  of  the  mor* 
tar  joints  at  the  extrados  being  greater  than  at  ,the  intrados, 
thus  causing  settlement  and  sometimes  total  failure.    To 
obviate  this  difficulty,  it  is  usual  to  build  brick  arches  in  se 
parate  rings  of  the  thickness  of  half  a  brick,  having  no  con 
'nection  with  each  other  beyond  the  adhesion  of  the  mortar 
or  cement,  except  an  occasional  course  of  headings  where 
the  joints  of  two  rings  happen  to  coincide.    There  is,  how- 

*  This  diagram  is  slightly  altered  from  one  of  the  illustrations  to  Professor 
Willis's  paper  U0ft  the  Construction  of  the  Vaults  of  the  Middle  Ages,"  in  tht 
Transactions  of  the  Koyal  Institute  of  British  Architects,  Vol.  L,  Part  2. 
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ever,  a  strong  objection  to  this  plan,  viz.,  that,  if  the  curve 
of  equal  horizontal  thrust  do  not  coincide  with  the  curvature 
of  the  arch,  the  line  of  pressure  will  cross  the  rings,  and 
cause  them  to  separate  from  each  other. 

73.  The  preferable  plan  will  be,  therefore,  to  bond  the 
brick-work  throughout  the  whole  thickness  of  the  arch,  using 
either  cement  or  hard-setting  mortar,  which  will  render  the 
thickness  of  the  joints  of  comparatively  little  importance. 

Cement,  however,  is  not  so  well  suited  for  this  purpose  as 
the  hard  setting  mortars  made  from  the  Lias  limes,  because 
it  sets  before  the  work  can  *e  completed  ;  and  in  case  of  any 
settlement,  however  trifling,  taking  place  on  the  striking  of 
the  centres,  the  work  becomes  crippled.  It  is  therefore  pref- 
"erable  to  use  some  hard  setting  mortar,  which  does  not, 
however,  set  so  quickly  as  cement,  thus  allowing  the  arch  to 
adjust  itself  to  its  load,  or,  in  technical  language,  to  take  its 
Iwring,  before  the  mortar  becomes  perfectly  hard, 

72.  We  have  in  the  preceding  remarks  considered  an 
equilibrated  arch  as  a  curved  beam,  every  part  of  which  is 
in  a  state  of  compression  ;  and,  in  an  arch  composed  of  stone 
voussoirs,  this  is  practically  the  case. 

We  may,  however,  by  the  employment  of  other  materials, 
as  cast  iron  and  timber,  construct  arches  whose  forms  differ 
very  materially  from  their  curves  of  equal  horizontal  thrust. 

Thus  the  semicircular  arch  ffig.  21,)  which,  if  built  of 
stone  voussoirs  small  in  proportion  to  the  span  of  the  arch, 
would  fail  by  the  opening  of  the  joints  at  a  and  b,  might  be 
safely  constructed  with  cast-iron  ribs,  with  the  joints  placed 
at  c  and  d,  the  metal  at  the  points  a  and  b  being  exposed  to 
a  cross-strain  precisely  similar  to  that  of  a  horizontal  beam 
loaded  in  the  centre. 

73  Laminated  arched  beams,  formed  of  planks  bent 
found  a  mould  to  the  required  curve  and  bolted  together, 
nave  been  extensively  used  in  railway  bridges  of  large  span 
during  the  last  ten  years,  and  from  their  comparative  elasti 
city,  and  the  resistance  they  offer  to  both  tension  and  com 
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pression,  are  very  well  adapted  to  structures  of  this  kind, 
which  have  to  sustain  very  heavy  loads  passing  with  great 
rapidity  over  them. 

It  is  to  be  regretted,  however,  that  the  perishable  nature 
of  the  material  does  not  warrant  their  long  duration,  not 
withstanding  every  precaution  that  can  be  taken  for  the 
preservation  of  the  timber. 

74.  Skew  Arches. — In  ordinary  cases  the  plan  of  an  arch 
is  rectangular,  the  faces  of  the  abutments  being  at  right 
angles  to  the  fronts ;  but  of  late  years  the  necessity  which 
has  arisen  on  railway  works  of  carrying  communications 
across  each  other  without  regard  to  the  angle  of  their  inter 
section,  has  led  to  the  construction  of   oblique  or  skew 
arches. 

75.  In  an  ordinary  rectangular  arch  each  course  is  parallel 
to  the  abutments,  and  the  inclination  of  any  bed  joint  with 
the  horizon  will  be  the  same  at  every  part  of  it.    In  a  skew 
arch  it  is  not  possible  to  lay  the  courses  parallel  to  the  abut 
ments,  for,  were  this  done,  the  thrust  being  at  right  angles 
to  the  direction  of  the  courses,  a  great  portion  of  the  arch 
on  each  side  would  have  nothing  to  keep  it  from  falling.    In 
order  to  bring  the  thrust  into  the  right  direction,  the  courses 
must  therefore  be  laid  as  nearly  as  possible  at  right  angles 
to  the  fronts  of  the  arch  (see  fig.  23,)  and  at  an  angle  with 

the  abutments  ;    and  it  is 
Fig.  23.  ^jg  ^fch  produces  the  pe 

culiarity  of  the  skew  arch. 
The  two  ends  of  any  course 
will  then  be  at  different 
heights,  and  the  inclination 

of  each  bed  joint  with  the  horizon  will  increase  from 
the  springing  to  the  crown,  causing  the  beds  to  be  winding 
surfaces  instead  of  a  series  of  planes,  as  in  a  rectangular 
arch.  The  variation  in  the  inclination  of  the  bed  joints 
is  called  the  twist  of  the  beds,  and  leads  to  many  diffi- 
cult  problems  in  stone-cutting,  the  consideration  of  which 
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wpuld  be  unsuited  to  the  elementary  character  of  this  little 
work. 

76.  Centering. — The  centering  of  an  arch  is  the  temporary 
framework  which  supports  it  during  its  erection,  and  is 
formed  of  a  number  of  ribs  or  centres,  on  which  are  placed  the 
planks  or  laggings  on  which  the  work  is  built. 

77.  In  designing  centres,  there  are  three  essential  points 
to  be  kept  in  view.    1st,  that  there  should  be  sufficient 
strength  to  prevent  any  settlement  or  change  of  form  during 
the  erection  of  the  arch.    2d,  that  means  should  be  pro 
vided  for  easing  or  lowering  the  centre  gradually  from 
under    any    part,  of  the  arch.     3d,   that,    as    the    con 
struction  of  centres  generally  involves  the  use  of  a  large 
quantity  of  timber  merely  for  a  temporary  purpose,  all 
unnecessary  injury  to  it  should  be  avoided,  in  order  that 
its  value  for  subsequent  use  may  be  as  little  diminished  as 
possible. 

78.  Where  the  circumstances  of  the  case  do  not  admit  of 
piles  or  other  supports  being  placed  between  the  piers,  it 
becomes  necessary  to  construct  a  trussed  framing  resting  on 
the  piers,  and  of  sufficient  strength  to  support  the  weight  of 
the  arch.    The  tendency  of  this  form  of  centre  to  rise  at  the 
crown,  from  the  great  pressure  thrown  upon  the  haunches 
during  the  erection  of  the  arch,  renders  it  necessary  to 
weight  the  crowns  with  blocks  of  stone  until  it  is  nearly  com 
pleted.    Centres  of  this  kind  are  always  costly,  and  afford 
little  facilities  for  easing. 

79.  Abutments. — The  tendency  of  any  arch  to  overturn  its 
abutments,  or  to-  destroy  them,  by  causing  the  courses  to 
slide  over  each  other,  may  be  counteracted  in  three  ways. 
1st,  the  arch  may  be  continued  through  the  abutment  until 
it  rests  on  solid  foundation,  as  in  fig.  24.    2d,  by  building 
the  abutments  so  as  to  form  a  horizontal  arch,  the  thrust 
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Fig.  24. 


being  thrown   on   the   wing  walls,    which    act   as   but 
tresses  (fig.  24.)      3d,  where  neither  of  these  expedients 


Fig.  25. 


is  practicable,  by  joggling  the  courses  together  with 
bed-dowel  joggles,  so  as  to  render  the  whole  abutment 
one  solid  mass. 

80.  Wing  Walls- — Where  the  wing  walls  of  a  bridge  are 
built  as  shown  m  fig.  26,  the  pressure  of  the  earth  will 
always  have  a  tendency  to  fracture  them  at  their  junction 
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Fig.  26. 


with  the  abutments,  as  shown  by  the  lines  a  b,  c  d.  Equal 
strength  with  the  same  amount  of  material  will  be  obtained 
by  building  a  number  of  thin  longitudinal  and  cross  walla,  as 
shown  in  fig.  21,  by  which  means,  the  earth  being  kept  from 

Fig.  27. 


the  back  of  the  walls,  there  is  no  tendency  to  failure  of  this 
kind. 

81  Vaulting. — The  ordinary  forms  of  vaults  may  be 
classed  under  three  heads,  viz.,  cylindrical,  coved,  and  groined 

A  cylindrical  vault  is  simply  a  semicircular  arch,  the  ends 
of  which  are  closed  by  upright  walls,  as  shown  in  fig,  28 . 


ART   OF   BUILDING.  335 

When  a  vault  springs  from  all  the  sides  of  its  plan,  as  in  fig. 
29,  it  is  said  to  be  coved.    When  two  cylindrical  vaults  in-. 

Fig.  28.  Pig.  29. 


tersect  each  other,  as  in  fig.  30,  the  intersections  of  the 
vaulting  surfaces  are  called  groins,  and  the  vault  is  said  to 
be  groined. 

82.  In  the  Horn  an  style  of  architecture,  and  in  all  common 
vaulting,  the  vaulted  surfaces  of  the  several  compartment** 
are  portions  of  a  continuous  cylindrical  surface,  and  the  pro 
file  of  a  groin  is  simply  an  oblique  section  of  a  semi-cylindei 

83.  Gothic  ribbed  vaulting  is,  however,  constructed  on  > 
totally  different  principle.    It  consists  of  a  framework  ot 
light  stone  ribs  supporting  thin  panels,  whence  this  mode  of 
construction  has  obtained  the  name  of  ril  and  pannel  vault 
ing.    The  curvature  of  the  diagonal  ribs  or  cross  springers, 
and  of  the  intermediate  ribs,  is  not  governed  in  any  way  b} 
the  form  of  the  transverse  section  of  the  vault,  and  in  this 
consists  the  peculiarity  of  ribbed  vaulting.    This  will  be  un 
derstood  by  a  comparison  of  figs,  30  and  31. 

Fig.  30.  Fig.  31. 


Roman  yaulting.  Gothic  vaulting, 

84.  Domes  are  vaults  on  a  circular  plan.  The  equili 
brium  of  a  dome  depends  on  the  same  conditions  as  that  of  a 
common  arch,  but  with  this  difference,  that,  although  a 
dome  may  give  way  by  the  weight  of  the  crown  forcing  out 
the  haunches,  failure  by  the  weight  of  the  haunches  squeez- 
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ing  up  the  crown  is  impossible,  on  account  of  tht  support  the 
voussoirs  of  eacli  course  receive  from  each  other. 

MASONRY — BRICKWORK — BOND. 

85.  The  term  masonry  is  sometimes  applied  generally  to 
all  cemented  constructions,  whether  built  of  brick  or  stone  ; 
but  generally  the  use  of  the  term  is  confined  exclusively  to 
stone-work. 

86.  There  are  many  kinds  of  masonry,  each  of  which  is 
known  by  some  technical  term  expressive  of  the  manner  in 
which  the  stone  is  worked;  but  they  may  all  be  divided  un 
der  three  heads, 

1st.  Rubble  work  (fig.  32,)  in  which  the  stones  are 
used  without  being  squared. 

2nd.  Coursed  work  (fig.  33,)  in  which  the  stones  are 
squared,  more  or  less,  sorted  into  sizes,  and  ranged  in 
courses. 


Fig.  32. 


Fig.  33. 


Fig.  34. 
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3d.  Ashlar  work*   (fig.  34),  in  which  each  stone  is 
squared  and  dressed  to  given  dimensions. 

87.  Different  kinds  of  masonry  are  often  united.    Thus  a 
wall  may  be  built  with  ashlar  facing  and  rubble  backing  ; 
and  there  are  many  gradations  from  one  class  of  masonry  to 
another,  as  coursed  milk,  which  is  an  intermediate  step 
between  rubble  work  and  coursed  work. 

88.  In  ashlar  masonry,  the    stability  of   the  work  is 


*In  London,  the  term  "  ashlar"  is  commonly  applied  to  a  thin  &ciag  of  ston* 
placed  in  front  of  brickwork. 
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independent,  in  ordinary  cases,  of  the  adhesion  of  the  mortar, 
Rubble  work,  on  the  contrary,  depends  for  support  in  a  great 
measure  upon  it. x 

89.  In  dressing  the  beds  of  ashlar  work,  care  must  be 
taken  not  to  work  them  hollow,  so  as  to  throw  the  pressure 
upon  the  edges  of  the  stones,  as  this  leads  to   unsightly 
fractures,  as  I  &,  fig.  34. 

90.  Where  there  is  a  tendency  of  the  courses  to  slide  on 
each  other  from  any  lateral  pressure,  it  may  be  prevented  by 
bed-dowel  joggles,  as  shown  at  &  a,  fig  34. 

91.  Where  the  facing  and  the  backing  of  a  wall  do  not 
contain  the  sajne  number  of  courses,  as  in  the  case  of  a 
brick  wall  with  stone  facings  (fig.  35)  the  work  will  be 
liable  to  settle  on  the  inside,  as  shown  by  the  dotted  lines, 
from  the  greater  number  of  mortar  joints.    The  only  way 
of  preventing  tins  is  to  set  the  backing  in  cement,  or  some 
hard  and  quick-setting  mortar. 

Fig.  35. 

92.  In  facing  brickwork  with  stone  ashlar, 
the  stones  should  be  all  truly  squared,  and 

/  worked  to  sizes  that  will  bond  with  the  brick 
work.  If  this  be  neglected,  there  will  be  numer 
ous  vacuities  in  the  thickness  of  the  wall  ("see 
fig.  35),  and  the  facing  and  backing  will  have 
a  tendency  to  separate. 

93.  Bond,  in  masonry,  consists  in  the  placing 
of  the  stones  in  such  relative  positions  that  no 

joint  in  any  course  shall  be  in  the  same  plane  with  any  other 
joint  in  the  course  immediately  above  or  below  it.  This  is 
called  breaking  joi/nt. 

94.  Stones  placed   lengthwise  in  any  work  are  called 
stretchers,    JUK!  those    placed  in  a  contrary  direction  ace 
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called  hea do  s     When  a  header  extendi 
36.          throughout  the  wliole  thickness  ot  a  wall, 

it  is  called  a  thtough. 
95.  There  are  two  kinds  of  bond  made 

use  of  by  bricklayers,  called  respectively 

English  bond  and  Flemish  bond     In  tin 
Bond         firBt  ^  courses  are  \^  alternately  with 

„  headers  and  stretchers  C%  36J  ;  in  the 

second,  the  headers  and  stretchers  alter 
nate  in  the  same  course  (fig  37J  This 
is  considered  to  have  the  neatest  appear 
ance  :  but,  as  the  number  of  headers  re- 

FtemuhBond  <lmred  is  fewer  than  m  English  bond, 
there  is  not  so  nrich  lateral  tie,  and  on 
this  account  it  is  considered  to  be  much  inferior  to  it  in 
strength  A  common  practice,  which  cannot  be  too  much 
reprobated,  is  that  of  building  brick  walls  with  two  qualities 
of  bricks,  without  any  bond  between  them,  the  headers  of 
the  facing  bricks  being  cut  in  two  to  save  the  better  material, 
thus  leaving  an  upright  joint  between  the  facing  and  back 
ing. 

95.  In  building  upright  walls,  which  have  to  sustain  a 
vertical  pressure,  three  leading  principles  must  be  kept  in 
view. 

1   Uniformity  of    construction  throughout  the  whole 
thickness. 

2.  The  bonding  of  the  work  together 

3.  The  proper  distribution  of  the  load. 

96  Umformty  of  Construction, — We  have  already  spoken 
of  the  danger  arising  from  the  backing  of  a  wall  containing 
more  compressible  material  than  the  facing  •  but  it  cannot 
be  too  often  repeated,  that  in  all  building  operations  it  is  not 
the  amoimt,  but  irregulamty  of  settlement  which  is  so  danger 
ous.  Thus  a  rubble  wall,  with  proper  care,  may  be  carried 
up  to  a  great  height,  and  bear  safely  the  weight  of  the  floors 
and  roof  of  a  large  building,  whilst  a  wall  built  of  bricks 
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and  mortar,  aiid  faced  with  dressed  ashlar7  will,  under  similar 
circumstances,  be  fractured  from  top  to  bottom,  from  the 
difference  in  settlement  of  the  facing  and  backing. 

It  is  a  common  but  vicious  practice  to  build  the  ends  of 
joists  and  other  timbers  into  the  walls,  and  to  rest  the 
superincumbent  work  upon  them.  This  is  liable  to  lead  tc 
settlements  from  the  shrinking  of  the  timber,  and  should 
always  be  guarded  against  by  leaving  proper  recesses  for  the 
ends  of  the  timbers,  so  that  the  strength  of  the  masonry  or 
brick-work  shall  be  quite  independent  of  any  support  from 
them. 

91.  Bond. — In  addition  to  the  bonding  together  of  the 
materials  above  described,  a  further  security  against  irregular 
settlement  is  usually  provided  for  brick  walls,  in  the  shape 
of  ties  of  timber,  called  bond,  which  are  cut  of  the  depth 
and  thickness  of  a  brick,  and  built  into  the  work. 
There  is,  however,  a  great  objection  to  the  use  of  timber 
in  the  construction  of  a  wall,  as  it  shrinks  away  from 
the  rest  of  the  work,  and  often  endangers  its  stability  by 
rotting. 

98.  Instead  of   bond   timbers,  hoop-iron  bond  is  now 
very  generally  used.     This  is  formed    of  iron    hooping, 
tarred,    to    protect   the    iron    from    contact    with    the 
mortar,   and  laid  in  the  thickness  of  the  mortar  joints. 
This  forms  a  very  perfect  longitudinal  tie,  and  has  all 
the  advantages,  with  none  of  the  disadvantages,  of  bond 
timbers, 

99.  Distribution  of  the  Load. — It  is  always  advisable, 
when  a  heavy  load  has  to  be  supported  on  a  few  points,  as 
in  the  case  of  a  larger  floor  resting  on  girders,  to  bring  the 
weight  as  nearly  as  possible  on  the  centre  of  the  wall,  and 
to  distribute  it  over  a  large  bearing  surface,  by  stone  bond 
ing  through  its  whole  thickness  ;  this  arrangement  is  shown 
in  figures  38  and  39. 
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Fig.  38.  Fig. 


[  STONE  "| 


100.  It  Is  of  importance  in  designing  buildings  to  arrange 
the  apertures  for  doors,  windows,  &c.,  in  the  different  floors, 
so  that  openings  shall  be  over  openings,  and  piers  over  piers  ; 
if  this  be  not  attended  to,  it  is  scarcely  possible  to  prevent 
settlements.     In  addition  to  this,  as  the  pressure  on  the 
foundations  will  be  greatest  under  the  piers,  it  is  desirable  to 
connect  these  with  inverted  arches,  by  which  means  the 
weight  is  distributed  equally  over  the  whole  surface  of  the 
foundations. 

101.  All  openings  in  walls  for  doors,  windows,  gate-ways, 
&c.,  should  be  arched  over  throughout  the  whole  thickness 
of  the  walls  in  which  they  occur  ;  and  wooden  lintels  and 
bressummers  should  only  be  introduced  as  ties  to  counteract 
the  thrust  of  the  arches,  and  as  attachments  for  the  internal 
finishings. 

10£.  Bressummers  of  cast  iron  are  often  used  for  support 
ing  the  walls  of  houses  over  large  openings,  as  in  the  case 
of  shop  fronts  ;  but  they  have  the  disadvantage  of  being 
liable  to  be  cracked,  in  case  of  fire,  if  water  is  thrown  on 
them  whilst  in  a  heated  state,  which  renders  their  use  very 
objectionable,  as  no  dependence  can  be  placed  upon  them 
after  having  been  suddenly  cooled  in  this  manner,  even  if 
they  do  not  actually  break  at  the  time. 

PARTITIONS.    " 

103.  The  partitions  forming  the  interior  divisions  of  a 
building  may  be  either  solid  walling  of  brick  or  stone,  or 


ART    OF    BUILDING. 


341 


they  may  be  constructed  entirely  of  timber,  or  they  may  be 
frames  of  timber  filled  in  with  masonry  or  brick-work. 

It  will  always  be  best,  both  for  durability  and  security 
against  fire,  to  make  the  partitions  of  solid  walling  ;  b'lt 
this  is  not  always  practicable,  and,  in  the  erection  of  dwelling 
houses,  they  are  for  the  most  part  made  of  timber. 

The  principles  to  be  kept  in  view  in  the  construction  of 
framed  timber  partitions  are  very  simple.  Care  must  be 
taken  to  avoid  any  settlement  from  cross  strain,  and  they 
should  not  in  any  way  depend  for  support  upon  subordinate 
parts  of  the  construction,  but  should  form  a  portion  of  the  main 


.  40. 


V       _£. 


carcase  of  the  building,  and  be  quite  independent  of  the  floors, 
which  should  not  support,  but  should  be  supported  by  them 
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Where  a  partition  extends  through  two  or  more  stories  of 
a  building,  it  should  be  as  much  as  possible  a  continuous 
piece  of  framing,  with  strong  sills  at  proper  heights  to  sup 
port  the  floor  joists. 

Where  openings  occur,  as  for  folding  doors,  or  where  a 
partition  rests  on  the  ends  of  the  sill  only,  it  should  be 
strongly  trussed,  so  that  it  is  as  incapable  of  settlement  as 
the  walls  themselves.  From  want  of  attention  to  thest 
points,  we  frequently  see  in  dwelling-houses  floors  which  have 
sank  into  curved  lines,  doors  out  of  square,  cracked  ceilings 
and  broken  cornices,  and  gutters  that  only  serve  to  conduct 
the  roof  water  to  the  interior  of  the  building,  to  the  injury 
of  ceilings  and  walls,  and  the  great  discomfort  of  its  inmates. 
The  above  remarks  will  be  better  understood  by  a  study  of 
fig.  40,  which  is  an  example  of  a  framed  partition  extending 
through  three  stories  of  a  dwelling  house. 

FLOORS. 

104.  The  assemblage  of  timbers  forming  any  naked  floor 
ing  may  be  either  single  or  double.  Single  flooring  is  formed 
with  joists  reaching  from  wall  to  wall,  where  they  rest  on 
plates  of  timber  built  into  the  brick-work,  as  in  fig.  41.  The 
floor  boards  are  nailed  over  the  upper  edges  of  the  joists, 

Fig.  41. 


Single  flooring. 


whose  lower  edges  receive  the  lathing  and  plastering  of  the 
ceilings.  Double  floors  are  constructed  with  stout  binding 
joists,  a  few  feet  apart,  reaching  from  wall  to  wall,  and  sup 
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porting  ceiling  joists  which  carry  the  ceiling  ;  and  bridging 
jmts,  on  which  are  nailed  the  floor  boards  (fig.  42.) 

Fig.  42. 


Double  flooring. 


In  double-framed  flooring,  the  binders,  instead  of  resting 
in  the  walls,  are  supported  on  girders,  as  shown  in  fig.  43. 
Single  flooring  is,  in  many  respects,  inferior  to  double  floor- 

Fig.  43. 


Double-framed  flooring. 

ing,  being  liable  to  sag,  or  deflect,  so  as  to  make  the  floor 
concave  ;  and  the  vibration  of  the  joists  occasions  injury  to 
the  ceilings,  and  also  shakes  the  walls.  In  double  flooring 
the  stiffness  of  the  Binders  and  girders  prevents  both  deflection 
and  vibration,  and  the  floors  and  ceilings  hold  thdr  Urns,  that  is, 
retain  their  intended  form  much  better  than  in  single  flooring 
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105.  The  joists  in  a  single  floor  are  usually  laid  on  a  plate 
built  into  the  wall,  as  shown  in  fig.  41  ;  it  is,  however,  pre 
ferable  to  rest  the  plate  on  projecting  corbels,  rvhich  prevents 
the  wall  being  crippled  in  any  way,  by  the  insertion  of  the 
joists  The  plates  of  basement  floors  are  best  supported  on 
small  piers  carried  up  from  the  footings  This  is  an  impor 
tant  point  to  be  attended  to,  as  the  introduction  of  timber 
into  a  wall  is  nowhere- likely  to  be  productive  of  such  in- 
]unous  effects  as  at  the  foundations,  where,  from  clamp  and 
imperfect  ventilation,  all  wood-work  is  liable  to  speedy 
decay. 

The  ends  of  all  girders  should  rest  in  recesses,  formed  as 
shown  in  figs  38  and  39,  and  with  a  space  for  the  free  cir 
culation  of  air  round  the  timber,  which  is  one  of  the  best 
preventives  of  decay. 

The  manner  in  which  ceiling  joists  and  bridging  joists 
are  framed  to  the  binders,  and  these  latter  tenoned  into  the 
girders,  is  shown  in  figs  44,  45,  46,  and  41. 


Fig.  44. 


Fig.  45. 


Fig.  46. 
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BRIDGING  JOISf 


Kg.  47. 
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a  a,  bridging  joists  ;  5  5,  coiling- joists  ;  0,  girder 

106.  Fire-proof  floors  are  usually  constructed  with  iron 
girders  a  short  distance  apart,  which  serve  as  abutments  for 
a  series  of  brick  arches,  on  which  either  a  wooden  or  plaster 
floor  may  be  laid  (see  fig.  48). 
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Fig.  48. 


107.  Of  late  years  many  terraces  and  flat  roofs  have  been 
constructed  with  two  or  more  courses  of  plain  tiles,  set  in 
cement,  and  breaking  joint  with  each  other,  supported  at 
short  intervals  by  cast-iron  bearers,  as  shown  in  fig.  49. 

Fig.  49. 

I  1 

This  mode  of  construction,  although  appearing  very  slight, 
possesses  great  strength,  and  is  now  very  much  used  in  and 
about  London,  and  in  some  portions  of  the  United  States. 


ROOFING. 

108.  In  roofs  of  the  ordinary  construction,  the  roof  cover 
ing  is  laid  upon  rafters  supported  by  horizontal  purlins,  which 
rest  on  upright  trusses  or  frames  of  timber,  placed  on  the 
walls  at  regular  distances  from  each  other.  Upon  the 
framing  of  the  trusses  depends  the  stability  of  the  roof,  the 
arrangement  of  the  rafters  and  purlins  being  subordinate 
matters  of  detail.  The  timbering  of  a  roof  may  be  compared 
to  that  of  a  double-framed  floor,  the  trusses  of  the  former 
corresponding  to  the  girders  of  the  latter,  the  purlins  to  the 
binders,  and  the  rafters  to  the  joists. 

Timber  roofs  may  be  divided  under  two  heads — 

1st,  Those  which  exert  merely  a  vertical  pressure  on  the 
walls  on  which  they  rest. 

2d.  Those  in  which  advantage  is  taken  of  the  strength  ol 
the  walls  to  resist  a  side  thrust,  as  in  many  of  the  Gothic 
open  tHnbered  roofs. 
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109.  Trussed  Roofs,  exerting  no  Side  Thrust  on  the  Watts. 
— In  roofs  of  this  kind  each  truss  consists  essentially  of  a  pair 
of  principal  rafters  or  principals,  and  a  horizontal  in  beam, 
and  in  large  roofs  these  are  connected  and  strengthened  by 
king  and  queen  posts  and  struts  (see  figs.  51.  and  52). 

Fig.  50  shows  a  very  simple  truss  in  which  the  tie  is  above 
the  bottom  of  the  feet  of  the  principals,  which  is  often  ione 

Fig.  50. 


in  small  roofs  for  the  sake  of  obtaining  height.  The  tie  in 
this  case  is  called  a  collar.  The  feet  of  both  common  and 
principal  rafters  rest  on  a  wall  plate.  The  purlins  rest  on 
the  collar,  and  the  common  rafters  but  against  a  ridge  run 
ning  along  the  top  of  the  roof.  This  kind  of  truss  is  only 
suited  to  very  small  spans,  as  there  is  a  cross  strain  on  that 
part  of  the  principals  below  the  collar,  which  is  rendered 
harmless  in  a  small  span  by  the  extra  strength  of  the  princi 
pals,  but  which  in  a  large  one  would  be  very  likely  to  thrust 
out  the  walls. 

110.  In  roofs  of  larger  span  the  tie  beam  is  placed  below 
the  feet  of  the  principals,  which  are  tenoned  into,  aud  bolted 
to  it.  To  keep  the  beam  from  sagging,  or  bending  by  its 
own  weight,  it  is  suspended  from  the  head  of  the  principals 
by  a  king  post  of  wood  or  iron.  The  lower  part  of  the  king 
post  affords  abutments  for  struts  supporting  the  principals 
immediately  under  the  purlins,  so  that  no  cross  strain  is  ex 
erted  on  any  of  the  timbers  in  the  truss,  but  they  till  act  in 
the  direction  of  their  length,  the  principals  and  struts  being 
subjected  to  compression,  and  the  king  post  and  tie  beam  to 
tension.  Fig.  51  shows  a  sketch  of  a  king  truss.  The  com- 
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mon  rafters  but  on  a  pole  plate,  the  tie  beams  resting  either 
on  a  continuous  plate,  or  on  short  templates  of  wood  or 
stone. 

111.  Where  the  span  is  considerable,  the  tie  beam  is  sup 
ported  at  additional  points  by  suspension  pieces  called  queen 
posts  (fig.  52),  from  the  bottom  of  which  spring  additional 

Fig.  52. 


struts  ;  and,  by  extending  this  principle  ad  infimtum,  we 
might  construct  a  roof  of  any  span,  were  it  not  that  a  prac 
tical  limit  is  imposed  by  the  nature  of  the  materials.  Some 
times  roofs  are  constructed  without  king  posts,  the  queen 
posts  being  kept  apart  by  a  straining  piece.  This  construc 
tion  is  shown  in  fig,  53,  which  shows  the  design  of  the  old 
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Fig.  53. 


„ S'B'AT  CLEAR  SHAN 

y. .  ..-.' 


roof  (now  destroyed)  of  the  church  of  St.  Paul,  outside  tiro 
walls,  at  Rome.  This  truss  is  interesting  from  its  early  date, 
having  been  erected  about  400  years  ago  ;  the  trusses  are  in 
pairs,  a  king  post  being  keyed  in  between  each  pair  to  sup 
port  the  tie  beams  in  the  centre. 

112.  Of  late  years  iron  has  been  much  used  as  a  material 
for  the  trusses  of  roofs,  the  tie  beams  and  suspending  pieces 
being  formed  of  light  rods,  and  the  principals  and  struts  of 
rolled  T  or  angle  iron,  to  which  sockets  are  riveted  to "  receive 
the  purlins. 

Fig.  54 


113.  The  largest  roof  ever  executed  in  one  4 
of  the  Imperial  Riding  House  at  Moscow,  buil-o  i 
which  the  span  is  235  ft.  (fig.  54).  The  prinew 


is  fc  «t 
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this  roof  is  an  arched  beam,  the  ends  of  which  are  kept  from 
spreading  by  a  tie  beam,  the  two  being  firmly  connected  by 
suspension  pieces  and  diagonal  braces  :  the  arched  beam 
(fig.  55).  is  formed  of  three  thicknesses  of  timber,  notched 

Fig.  55. 


ont  to  prevent  their  sliding  on  each  other, — a  method  which 
is  objectionable  on  account  of  the  danger  of  the  splitting  of 
the  timber  under  a  considerable  strain. 

114.  The  principle  of  the  bow  suspension  truss,  as  this  sys 
tem  of  trussing  is  called,  has  been  much  used  within  the  last 
ten  years  for  railway  bridges  and  similar  works.     One  of  the 
best  executed  works  of  this  kind  is  a  bridge  over  the  River 
Ouse,  near  Downham  Market,  in  Norfolk,  on  the  line  of  the 
Lynn  and  Ely  Railway,  the  trusses  of  which  are  150  ft. 
span. 

115.  Roofs  on  theyrindpk  of  the  Arch. — In  the  16th  cen 
tury,  Philibert  de  Lorme,  a  celebrated  French  architect, 
published  a  work,  in  which  he  proposed  to  construct  roofs 
and  domes  with  a  series  of  arched  timber  ribs  in  place  of 
trusses,  these  ribs  being  formed  of  planks  in  short  lengths, 
placed  edgewise,  and  bolted  together  in  thicknesses,  breaking 
joint  (fig.  56).    This  mode  of  construction  has  been  more 
or  less  used  ever  since  the  time  of  its  author.     An  instance 
of  its  successful  application  on  a  large  scale  was  the  original 
dome  of  the  Halle  au  Ble',  at  Paris,  120  ft.  in  diameter,  built 
by  Messrs.  Legrand  and  Molino.    This  roof  has  since  been 

Fig.  56. 


replaced  by  an  iron  one,  the  original  dome  having  been  de 
stroyed  by  fire. 
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116.  There  are,  however,  some  great  disadvantages,  con 
nected  with  this  system.    There  is  considerable  waste  of 
material ;  the  labor  is  great  as  compared  with  roofs  of  simi 
lar  span  of  the  ordinary  construction  ;  and,  as  the  chief 
strength  of  the  rib  depends  upon  the  lateral  cohesion  of  the 
fibres  of  the  wood,  it  is  necessary  to  provide  such  an  amount 
of  surplus  strength  as  shall  insure  it  against  the  greatest 
cross  strain  to  which  it  can  be  exposed  from  violent  winds 
or  otherwise, 

117.  Struck  by  these  disadvantages,   Colonel  Emy,  a 
French  military  engineer,  proposed,  in  1817,  an  improve 
ment  on  the  system  of  Philibert  de  Lorme,  which  was  pre 
cisely  the  laminated  arched  rib  so  much  in  use  at  the  present 
day.    It  was  not  until  1825  that  he  obtained  permission  to 
put  his  design  into  execution  in  the  erection  of  a  large  roof 
65  ft.  span  at  Marac,  near  Bayonne  (fig.  57J.    The  ribs  in 

Fig.  57. 
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this  roof  are  formed  of  planks  bent  round  on  templets  to  the 
proper  curve,  and  kept  from  separating  by  iron  straps,  and 
also  by  the  radiating  struts  which  are  in  pairs,  notched  out 
so  as  to  clip  the  rib  between  them. 

The  principle  of  the  roof  is  exceedingly  good.  The  prin 
cipals,  wall-posts,  and  arched  rib,  form  two  triangles,  firmly 
braced  together,  and  exerting  no  thrust  on  the  walls  ;  and 
the  weight  of  the  whole  roof  being  thrown  on  the  walls  at 
the  feet  of  the  ribs,  and  not  at  the  pole  plate,  the  walls  are 
not  tried  by  the  action  of  a  heavy  roof,  and  the  consequent 
saving  in  masonry  is  very  great. 

The  great  difference  in  principle  between  the  arched  rib 
of  Philibert  de  Lorme,  and  the  laminated  rib  of  Colonel  Emy 
is,  that  in  the  latter  the  direction  of  the  fibre  of  the  wood 
coincides  with  the  curvature  of  the  rib  ;  and,  as  a  conse 
quence  of  this,  the  joints  are  much  fewer  ;  the  rib  possesses 
considerable  elasticity,  so  as  slightly  to  yield  rather  than 
break  under  any  violent  strain  ;  and,  from  the  manner  in 
which  the  planks  are  bolted  together,  it  is  impossible  for  the 
rib  to  give  way,  unless  the  force  applied  be  sufficient  to  crush 
the  fibres. 

The  principle  of  the  laminated  arched  rib  has  been  exten 
sively  used  in  the  erection  of  railway  bridges  in  England. 

118.  Gothic  Roofs. — The  open  timber  roofs  of  the  middle 
ages  come,  for  the  most  part,  under  the  second  class,  vk, 
those  which  exert  more  or  less  thrust  upon  the  walls,  al 
though  there  are  many  fine  examples  in  which  this  is  not  the 
case. 

We  propose  to  describe  the  principal  varieties  of  these 
roofs,  without  reference  either  to  their  decorative  details,  or 
to  their  chronological  arrangement,  our  object  here  being 
simply  to  explain  the  principles  on  which  they  were  con 
structed. 

119.  Fig.  58,  which  is  a  section  of  the  parish  church  of 
Chaldon,  near  Merstham  in  Surrey,  shows  a  system  of  roof 
ing  formerly  very  common.    This  may  be  compared  to  single 
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Mooring,  as  there  are  no  principals,  purlins,  or  even  ridge, 
It  is  a  defective  form  of  roof;  as  tire  rafters  have  a  tendency 
Fig.  59.        to  spread  and  thrust  out  the  walla.     In  the 
example  before  us,  this  effect  has  been  pre 
vented  by  the  insertion  of  tie-beams,   from 
which  the  collars  have  been  propped  up  (fig. 
59),  thus,  in  fact,  balancing  the  roof  on  the 
centres  of  the  collars,  which  are  in  conse 
quence  violently  strained. 

120.  After  the  introduction  of  the  four 
centered  arch,  a  great  many  church  roofs  of 
the  construction  just  described  were  altered,  as  shown  by 
the  dotted  lines  in  fig.  60,  in  order  to  obtain  more  light  by 


Fig.  60. 


the  introduction  of  clerestory 
windows  over  the  nave  arches. 
The  flat  roofs,  which  superseded 
the  former  ones,  were  often 
formed  without  any  truss  what 
ever,  being  simply  an  arrange 
ment  of  main  beams,  purlins, 
and  rafters,  precisely  similar  to 
a  double-framed  floor,  with  the 
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Fig.  61. 


difference  only  that  the  main  beams,  instead  of  b^ing  per 
fectly  straight,  were  usually  cut  out  of  crooked  timber  so  as 
to  divide  the  roof  into  two  inclined  planes. 

To  throw  the  weight  of  the  roof  as  low  down  as  possible, 
the  ends  of  the  main  beams  are  often  supported  on  upright 
posts  placed  against  the  walls  and  resting 
on  projecting  corbels,  the  wall  posts  and 
beams  being  connected  by  struts  in  such 
a  way  that  deflection  in  the  centre  of  the 
beam  cannot  take  place,  unless  the  load 
be  sufficient  to  force  out  the  walls,  as 
shown  by  the  dotted  lines  in  %.  61 
The  struts  are  often  cut  out  of  stout  plank,  forming  solid 
spandrils,  the  edges  of  which  are  moulded  to  suit  the  profile 
of  the  main  beam  (see  fig.  62J,  which  also  shows  the  man- 

Fig.  62. 


ner  of  securing  the  "Struts  to  the  wall  posts  ac.d  to  the  beam, 
with  totigms  arid  wooden  pins, 

121.  Fig.  68  exhibits  a  construction  often  to  be  met  with, 
which,  in  general  appearance,  resembles  a  trussed  king  post 
roof  but  which  is  in  reality  very  different,  the  tie  beam 
being  a  strong  girder  supporting  the  king  pos%  which,  ii> 
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Fig.  63. 


stead  of  serving  to  suspend  the  tie-beam  from  the  principals, 
is  a  prop  to  the  latter.  In  this  and  the 
previous  example,  any  tending  to  deflection 
of  the  tie-beam  is  prevented  by  struts :  the 
weight  of  the  roof  is  thrown  by  means  of 
wall  posts  considerably  below  the  feet  of 
the  rafters;  so  that  the  weight  of  the  upper 
part  of  the  wall  is  made  available  to  resist 
the  thrust  of  the  struts. 

122.  The  roofs  we  have  been  describing  are  not  to  be  re 
commended  as  displaying  any  great  amount  of  constructive 
skill  Indeed,  although  they  answer  very  well  for  small 
spans  with  timbers  of  large  scantling  and  side  walls  of  suffi 
cient  thickness  to  resist  a  considerable  thrust,  they  are 
totally  unsuited  to  large  spans,  and  are  in  every  way  inferior 
to  trussed  roofs. 

The  above  remarks  do  not  apply  to  the  high  pitched  roofs 
of  the  large  halls  of  the  fifteenth  and  sixteenth  centuries, 
which,  for  the  most  part,  are  trussed  in  a  very  perfect  man 
ner,  so  as  to  exert  no  thrust  upon  the  walls ;  although,  in 
some  instances,  as  at.  Westminster  Hall,  they  depend  upon 
the  latter  for  support. 

The  general  design  of  these  roofs  is  shown  in  figs.  64  and 
Fig  64 
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65.  The  essential  parts  of  each  truss  are,  a  pair  of  princi 
pals  connected  by  a  collar  or  wind  beam,  and  two  hammer 
beams,  with  queen  posts  over  them,  the  whole  forming  three 
triangles,  which  if  not  secured  in  their  relative  positions, 
otherwise  than  by  the  mere  transverse  strength  of  the  prin 
cipals,  would  turn  on  the  points  c  c  (fig.  65J,  the  weight  of 
the  roof  thrusting  out  the  walls  in  the  manner  shown  in  the 
figure.  There  are  two  ways  in  which  a  truss  of  this  kind 

Fig.  65. 


may  be  prevented  from  spreading.  1st,  The  ends  of  the 
hammer  beams  may  be  connected  with  the  collar  by  tension 
pieces,  a,  a  (fig.  64),  by  which  the  thrust  on  the  walls  will 
be  converted  into  a  vertical  pressure.  2cl,  The  hammer 
beams  may  be  kept  in  their  places  by  struts,  b  1>,  the  walls 
being  made  sufficiently  strong  by  buttresses,  or  otherwise,  to 
resist  the  thrust. 

In  existing  examples,  we  find  sometimes  one  and  some 
times  the  other  of  these  plans  followed  ;  and  occasionally 
-  both  methods  are  combined  in  such  a  manner  that  it  is  often 
difficult  to  say  what  parts  are  in  a  state  of  compression,  and 
what  are  in  a  state  of  tension.  r 

123.  The  roof  of  the  great  hall  at  Hampton  Court 
(fig,  66)  is  very  strong,  and  so  securely  tied,  that  were  the 


856 
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66  bottom  struts,  5  £,  removed 

:  there  would  be  little  danger  of 
the  principals  thrusting  out 
the  walls  •  and,  on  the  other 
hand,  from  the  weight  of  the 
roof  being  carried  down  to  a 
considerable  distance  below 
the  hammer  beams  by  the  wall 
posts,  the  walls  themselves  of 
fer  so  much  resistance  to  side 
thrust,  that  there  would  be  no 
injurious  strain  on  them  were 
the  tension  pieces,  a  a,  re 
moved. 

124.  The  construction  of  the 
roof  of  the  hall  at  Eltham 
Palace,  Kent  (fig.  67),  differs  very  considerably  from  that 

Fig.  67. 


of  the  Hampton  Court  roof.  The  whole  weight  is  thrown 
on  the  top  of  the  wall,  and  the  bottom  pieces,  1 1,  are  merely 
ornamental,  the  tension  pieces,  a  a,  forming  a  complete  tie, 
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This  has  been  shown  by  a  partial  failure  which  has  takes 
place.  The  wall  plates  having  become  rotten  in  consequence 
of  the  gutters  being  stripped  of  their  lead,  the  weight  ha? 
been  thrown  on  the  pseudo  struts,  which  have  bent  under 
fche  pressure,  and  forced  out  the  upper  portion  of  the  walls. 

125.  The  roof  of  Westminster  Hall  (fig.  68)  is  one  of  the 
.finest  examples  now  existing  of  open  timbered  roofs.     The 

Fig.  68. 


feature  of  this  roof  is  an  arched  rib  in  three  thick 
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nesses,  something  on  the  principle  of  Philibert  de  Loraw  ; 
but  it  is  so  slight,  compared  with  the  great  span,  that  it  is 
probable,  in  designing  the  roof,  the  architect  took  full  ad 
vantage  of  the  support  afforded  by  the  thickness  of  the 
walls  and  the  buttresses ;  if,  indeed,  the  latter  were  not 
added  at  the  time  the  prevsent  roof  was  erected,  in  1395  It 
has  been  ascertained  that  the  weight  of  the  roof  rests  on  the 
top  of  the  walls,  the  lower  part  of  the  arched  rib  only  serv 
ing  to  distribute  the  thrust,  and  to  assist  in  preventing  the 
hammer  beams  from  sliding  on  the  walls 

126.  The  mediaeval  architects  generally  employed  oak  in 
the  construction  of  their  large  roofs,  the  timbers  being  mor 
ticed  and  pinned  together,  as  shown  in  fig  62.     This  system 
of  construction  is  impossible  in  fir  and  other  soft  woods,  in 
which  the  fibres  have  little  lateral  cohesion,  as  the  timber 
would  split  with  the  strain  ;  and  therefore,  in  modern  prac 
tice,  it  is  usual  to  secure  the  connections  with  iron  straps  or 
bolts  passing  round  or  through  the  whole  thickness  of  the 
timbers. 

ROOF   COVERINGS. 

127.  The  different  varieties  of  roof  coverings  principally 
used  may  be  classed  under  three  heads  :  stone,  wood7  and 
metal 

Of  the  first  class,  the  best  kind  is  slate,  which  is  used 
either  sawn  into  slabs  or  split  into  thin  laminae.  The  differ 
ent  sizes  of  roofing  slate  in  common  use  are  given  in  the 
description  of  Slaters7  Work. 

In  many  parts  of  England,  thin  slabs  of  stone  are  used  in 
the  same  way  as  roofing  slate.  In  the  Weald  of  Sussex  the 
stone  found  in  the  locality  is  much  used  for  this  purpose,  but 
it  makes  a  heavy  covering,  and  requires  strong  timbers  to 
support  it. 

128.  Tdes  are  of  two  kinds  .  plow  tiles,  which  are  quite 
flat  \  and  pcmtiks,  which  are  of  a  curved  shape,  and  JaD  over 
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each  other  at  the  sides.  Each  tile  has*a  projecting  ear  on 
its  upper  edge,  by  which  it  is  kept  in  its  place.  Sometimes 
plain  tiles  are  pierced  with  two  holes,  through  which  oafr 
pins  are  thrust  for  the  same  purpose. 

129  Wooden  coverings  are  little  used  at  the  present  day, 
except  for  temporary  purposes  ;  shingles  of  split  oak  were 
formerly  much  used,  and  may  still  be  seen  on  the  roofs  of 
some  country  churches.  Cedar  shingles  are  much  used, 

130.  Metalhc  Coverings. — The  metals  used  for  roof  cover 
ings  are  lead,  zinc,  copper,  and  iron 

131.  Lead  is  one  of  the  most  valuable  materials  for  this 
purpose  on  account  of  its  malleability  and  durability,  the 
action  of  the  atmosphere  having  no  injurious  effect  upon  it. 
Lead  is  used  for  covering  roofs  in  sheets  weighing  from  4  to 
8  Ibs.  per  sup.  foot. 

132.  Copper  is  used  for  covering  roofs  in  thin  sheets 
weighing  about  16  oz.  per  sup,  foot,  and  from  its  lightness 
and  hardness  has  some  advantages  over  lead  ;  but  the  ex 
pense  of  the  metal  effectually  precludes  its  general  adoption. 

133.  Zinc  has  of  late  years  superseded  both  lead  and 
copper  to  a  considerable  extent  as  roof  coverings.     It  is  used 
in  sheets  weighing  from  12  oz.  to  20  oz  per  sup.  foot.    It  is 
considered  an  inferior  material  to  those  just  named  ;  but  its 
lightness  and  cheapness  are  great  recommendations,  and  the 
manufacture  has  been  much  improved  since  its  first  introduc 
tion. 

134.  Cast  iron,  coated  with  zinc  to  preserve  it  from  rust 
ing,  is  now  much  used  in  a  variety  of  forms   We  have  already 
mentioned  its  adoption  for  covering  the  roofs  of  the  New 
Houses  of  Parliament. 

135  All  metallic  coverings  are  subject  to  contraction  and 
expansion  with  the  changes  of  the  temperature,  and  great 
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care  is  requisite  in  Joining  the  sheets  to  make  them  lap  over 
each  other,  so  as  to  make  the  joints  water-tight,  without 
preventing  the  play  of  the  metal. 

The  following  table  of  the  comparative  weights  of  different 
roof  coverings  may  be  useful : — 

Cwts.  qrs.  Ibs. 

Plain  tiles,  per  square  of  100  ft.  sup.  .  18    0    0 

Pantiles 920 

Slating,  an  average 1     0    0 

Lead,  T  Ib.  to  the  sup,  foot  ....  620 

Copper  or  zinc,  16  oz.  do 100 

SUPPLY   OP   WATER. 

136.  The  arrangements  for  distributing  a  supply  of  water 
over  the  different  parts  of  a  building  will  depend  very 
materially  on  the  nature  of  the  supply,  whether  constant  or 
intermittent. 

The  most  common  method  of  supply  from  water-works  is 
by  pipes  which  communicate  with  private  cisterns,  into  which 
the  water  is  turned  at  stated  intervals. 

A  cistern,  in  a  dwelling-house,  is  always  more  or  less  an 
evil ;  it  takes  up  a  great  deal  of  space,  costs  a  great  deal  of 
money  in  the  first  instance,  and  often  causes  inconvenience, 
from  leakage,  from  the  bursting  of  the  service  pipes  in  frosty 
weather,  and  from  the  liability  of  the  self-acting  cock  to  get 
out  of  order. 

Fig.  68  shows  the  ordinary  arrangements  of  a  cistern  for 
a  dwelling-house.  The  common  material  for  the  cistern  itself 
is  wood  lined  with  sheet  lead  ;  but  slate  cisterns  have  been 
much  used  of  Mle.  Large  cisterns  or  tanks  for  the  supply 
of  breweries,  manufactories,  &c.,  are  usually  made  of  cast- 
iron  plates,  screwed  together  by  means  of  flanges  all  round 
their  edges. 

The  service  or  feed  pipe  for  a  cistern,  in  the  case  of  m 
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intermittent  supply,  must  be  sufficiently  large  to  allow  of 
p      $g  its  filling  during  the  time  the  water 

is  turned  on  from  the  mains.  The 
flow  of  water  into  the  cistern  is 
regulated  by  a  ball  cod:,  so  called 
from  its  being  opened  and  shut  by 
a  lever,  with  a  copper  ball,  which 
floats  on  the  surface  of  the  water. 

The  service  pipes  to  the  different  pa,rts  of  the  building  are 
laid  into  the  bottom  of  the  cistern,  but  should  not  come 
within  an  inch  of  the  actual  bottom,  in  order  that  the  sedi 
ment,  which  is  always  deposited  in  a  greater  or  less  degree, 
may  not  be  disturbed  :  the  mouth  of  each  pipe  should  be 
covered  by  a  rose,,  to  prevent  any  foreign  substances  being 
washed  into  the  pipes  and  choking  the  taps. 

To  afford  a  ready  means  of  cleaning  out  the  cistern,  a 
waste  pipe  is  inserted  quite  at  the  bottom,  sufficiently  large 
to  draw  off  the  whole  contents  in  a  short  time  when  required  ; 
into  this  waste  pipe  is  fitted  a  standing  waste,  which  reaches 
nearly  to  the  top  of  the  cistern,  and  carries  off  the  waste 
water,  when,  from  any  derangement  in  the  working  of  the 
ball  cock,  the  water  continues  running  after  the  cistern  is 
foil.  To  prevent  any  leakage  at  the  bottom  of  the  standing 
waste,  the  latter  terminates  in  a  brass  plug,  which  is  ground 
to  fit  a  washer  inserted  at  the  top  of  the  waste  pipe. 

Where  the  supply  of  water  is  constant,  instead  of  "being 
intermittent,  private  cisterns  may  be  altogether  dispensed 
with  ;  the  main  service  pipes,  not  being  required  to  discharge 
a  large  quantity  of  water  in  a  short  time,  may  be  of  smaller 
bore,  and,  consequently,  cheaper,  and  a  considerable  length 
of  pipe  is  saved,  as  the  water  can  be  laid  on  directly  to  the 
several  taps,  instead  of  having  to  be  taken  up  to  the  cistern 
and  then  brought  back  again.  The  constant  flow  of  water 
through  the  pipes  also  much  diminishes  the  nek  of  their 
bursting  in  frosty  weather  from  freezing  of  their  contents, 
30 
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WARHIXG   AND   VENTILATION 


131.  The  various  contrivances  employed  for  warmii  g  build- 
may  be  elated  as  under  : — 

Mclliftfis  of  Warming  independently  of  Ventilation. 

I  *t  By  close  stoves,  the  heating  surface  being  either  of 
iron  or  of  earthenware 

2»1.  By  Lot-air  flues,  passing  under  the  floors. 

3d.  By  a  *.}>tem  of  endies?  piping  heated  by  a  current  of 
!jot  water  from  a  boiler,  the  circulation  being  caused  by  the 
cooling,  and  consequently  greater  weight^  of  the  water  In  the 
lower  or  returning  pipe. 

of  Warming  tcitk  Ventilation. 

4tk  By  in  the  several  apartments. 

Silt,  By  air  which  lias  been  previously  heated  to 

the  several  rooms.    Tills  last  system  is  more 

any  of  the  others  above  described,  both  as 

economy  of  fuel         regulation  of  the  temperature. 

A  common  defect  in  the  construction  of 

H  placed  too  high  ;  whence  it  is  not 

for  the  api^r         of  a  room  to  lie  quite  warm  whilst 

is*  a  of  air  next  the  floor,  the  effect  of 

is  Tt*ty  to  health. 

In  nil  of  la  which  the  air  is  Iieated  by 

in  heating  surfaces,  care  should 

he  not  exceed  212°  ;  as, 

tliis          is  the  air  becomes  unfit  for  use,  ami 

offensive          tiie  of  the  particles  of          or  other 

are  ia  it. 

538.  Thore  are  In  rentilatic  n  is 

of  is  ?ery  efficient. 

The  one  IB  use  is  to  a  IB  an  air 


ART    OF    BUILDING.  362 

itiaft  or  chimney  communicating  by  flues  with  the  apartments 
to  be  ventilated,  the  effect  of  which  is  to  cause  a  constant 
current  in  the  direction  of  the  shaft,  the  air  being  admitted 
at  the  bottom  of  the  building,  and  warmed  or  cooled  as  may 
be  required,  according  to  the  season  of  the  year. 

The  new  House  of  Lords  is  ventilated  in  this  manner.  The 
air  is  admitted  at  the  bottom  of  the  buildings,  filtered  by 
being  passed  through  fine  sieves,  over  which  a  stream  of 
water  is  constantly  flowing  ;  warmed  in  cold  weather  by 
passing  through  steam  cockles,  and  then,  rising  through  the 
building,  goes  out  through  the  roof  into  the  furnace  chimney, 
the  draught  being  assisted  by  a  steam  jet  from  a  boiler. 

139.  The  other  mode  of  ventilation  to  which  we  have 
alluded  is  on  a  completely  opposite  principle  to  that  just 
described,  the  air  being  forced  into  the  apartments  by 
mechanical  means,  instead  of  being  drawn  from  them  by  the 

draught  in  the  chimney. 

In  **  THE  AMERICAN  COTTAGE  BUILDER  n  the  Editor  treats 
this  subject  more  fully,  and  in  detalL 


passt 

is  cc 


RUDIMENTS   OF 


SECTION  H. 

MATERIALS    USED   IN   BTJTLDIXCk 

140.  The  materials  used  in  building  may  be  classed  under 
the  following  heads,  viz  : 

Timber,  Stone,  Slate,  Bricks  and  Tiles,  Limes  and  Cements, 
Metals,  Glass,  Colors  and  Tarnishes 

TIMBER. 

141.  If  we  examine  a  transverse  section  of  the  stem  of  a 
tree?  we  perceive  it  to  consist  of  three  distinct  parts  :  the 
bark,  the  wood,  and  the  pUk.    The  wood  appears  disposed  in 
rings  round  the  pith,  the  outer  rings  being  softer  and  con- 

more  sap  than  those  immediately  round  the  pith  which 
form  what  is  called  the  Mart  wood. 

These  rings  are  also  traversed  by  rays  extending  from  the 
centre  of  the  stem  to  the  barky  called  medulhry  rays. 

The  whole  structure  of  a  tree  consists  of  minute  vessels 
and  cells,  the  former  conveying  the  sap  through  the  wood  in 
its  ascent,  and  through  the  bark  to  the  leaves  in  its  de 
scent  ;  the  latter  performing  the  functions  of  secretion 
and  BEtrition  the  life  of  the  tree.  The  solid  parts  of 

a  entirely  of  the  ibrons  parts  composing 

the  of  the  vessels  and  cells. 

By  it  has  been  ascertained  that  the 

sap  to  ascend  in  the  spring  of  the  year,  through  the 

Te^ek  in  tiie  wood,         descends  through  the  bark 

to  the  Ieav*%  anil,  after  through  them,  is  deposited 

in  EB  altered  >tat*  between  the  bark  and  the  last  years's 

wood,  forming  a  n^w  layer  of  bark  and  sap  wood,  the  old 

forward. 

As  the  increase  in  Biimber?  the  sapwood 
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ceases  to  perform  its  original  functions  ;  the  fluid  parts  are 
evaporated  or  absorbed  by  the  new  wood,  and,  the  sides  of 
the  vessels  being  pressed  together  by  the  growth  of  the  lat 
ter,  the  sap  wood  becomes  heart  wood  or  perfect  wood,  and 
until  this  change  takes  place  it  is  unfit  for  the  purposes  of 
the  builder. 

The  vessels  in  each  layer  of  wood  are  largest  on  the 
side  nearest  the  centre  of  the  stem,  and  smallest  at  the  out 
side.  This  arises  from  the  first  being  formed  in  the  spring, 
when  vegetation  is  most  active.  The  oblong  cells  which 
surround  the  vessels  are  filled  with  fluids  in  the  early  growth; 
but,  as  the  tree  increases  in  size,  these  become  evaporated 
and  absorbed,  and  the  cells  become  partly  filled  with  depo 
sitions  of  woody  matter  and  indurated  secretions,  depending 
on  the  nature  of  the  soil,  and  affecting  the  quality  of  the 
timber,  Thus  Honduras  mahogany  is  full  of  black  specks, 
while  the  Spanish  is  full  of  minute  white  particles,  giving 
the  wood  the  appearance  of  having  been  rubbed  over  with 
chalk  At  a  meeting  of  the  Institution  of  Civil  Engineers, 
March,  184  2 ,  it  was  stated  by  Professor  Brande,  that  "  a 
beech  tree  in  Sir  John  Sebright's  park  in  Hertfordshire,  on 
being  cut  down,  was  found  perfectly  black  all  up  the  heart. 
On  examination  it  was  discovered  that  the  tree  had  grown 
xipon  a  mass  of  iron  scoriae  from  an  ancient  furnace,  and  that 
the  wood  had  absorbed  the  salt  of  iron."  This  anecdote  well 
explains  the  differences  that  exist  between  different  specimens 
of  the  same  kind  of  timber  under  different  circumstances  of 
growth  ;  and  it  is  probably  the  nature  of  the  soil  that  causes 
the  difference  of  character  we  have  just  named  between  Hon 
duras  and  Spanish  mahogany. 

There  is  a  great  difference  in  ttie  character  of  the  annual 
rings  in  different  kinds  of  trees.  In  some  they  are  very  dis 
tinct,  the  side  next  the  heart  being  porous,  and  the  other 
being  compact  and  hard,  as  the  oak,  the  ash,  and  the  elm 
In  others  the  distinctions  between  the  rings  is  so  small  ah 
scarcely  to  be  distinguished,  and  the  texture  of  the  wood  is 
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nearly  uniform,  as  In  the  beech  and  mahogany  A  third 
class  of  frees  hare  the  annual  rings  very  distinct  and  their 
pores  filled  with  resinous  matter,  one  part  being  hard  and 
heavy,  the  other  soft  and  light-colored  All  the  resinous 
woo(fc  have  this  character,  as  larch,  fir,  pine,  and  cedar. 

The  medullary  rings  are  scarcely  perceptible  to  the  naked 
eye  in  the  majority  of  trees  ;  but  in  some,  as  the  oak  and 
the  beech,  there  are  both  large  and  small  rings,  which,  when 
cut  through  obliquely,  produced  the  beautiful  flowered  ap 
pearance  called  the  silver  grain. 

142.  IE  preparing  timber  for  the  uses  of  the  builder  there 
are  three  principal  things  to  be  attended  to,  viz ,  the  age  of 
the  tree,  the  time  of  felling,  and  the  seasoning  for  use. 

143.  If  a  tree  be  felled  before  it  is  of  full  age,  whilst  the 
heartwood  is  scarcely  perfected,  the  timber  will  be  of  inferior 
quality,  and,  from  the  quantity  of  sap  contained  in  it,  will 
Ve  very  to  decay.    On  the  other  hand,  if  the  tree  be 
allowed  to  stand  until  the  heartwood  begins  to  decay,  the 
timber  will  be  weak  and  brittle  :  the  best  timber  comes  from 
trees  that  have  nearly  done  growing,  as  there  is  then  but 
little  sapwood,  and  the  heartwood  is  in  the  best  condition. 

144.  The  best  time  for  felling  trees  is  either  in  mid-winter, 
when  the  sap  has  ceased  to  flow,  or  in  mid-summer,  when  the 
sap  is  temporarily  expended  in  the  production  of  leaves.    An 
excellent  plan  is  to  bark  the  timber  in  the  spring  and  fell  it 
in  winter,  by  which  means  the  sapwood  is  dried  up  and  har 
dened  ;  bat  as  the  bark  of  most  trees  is  valueless,  the  oak 
tree  (whose  bark  is  used  in  tanning;  is  almost  the  only  one 
that  will  pay  for  being  thus  treated. 

145.  The  seasoning  of  timber  consists  in  the  extraction  or 
evaporation  of  the  fluid  parts,  which  are  liable  to  decompo 
sition  on  the  cessation  of  the  growth  of  the  tree.    This  is 

by. steeping  the  green  timber  in  water,  tc 
and  wast  oat  the  sap  as  much  as  posmfcle,  and  4en 
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drying  It  thoroughly  by  exposure  to  the  air  in  an  airy  site* 
ation.  The  time  required  to  season  timber  thoroughly  in 

this  manner  will  of  course  much  depend  on  the  sizes  of  the 
pieces  to  be  seasoned  ;  but  for  the  general  pnrpo>es  of  car 
pentry,  two  years  is  the  least  that  can  be  allowed,  and,  in 
seasoning  timber  for  the  use  of  the  joiner,  a  much  longer 
time  is  usually  required. 

146    Decay  of  Timhr. — Properly  seasoned  timber,  placed 

ji  a  dry  situation  with  a  free  circulation  of  air  round,  it  is 
very  durable,  and  has  been  known  to  last  for  several  hun 
dred  years  without  apparent  deterioration.  This  is  not, 
however,  the  case  when  exposed  to  moisture,  which  is  al 
ways  more  or  less  prejudical  to  its  durability. 

When  timber  is  constantly  under  water,  the  action  of  the 
water  dissolves  a  portion  of  its  substance,  which  is  made  ap 
parent  by  its  becoming  covered  with  a  coat  of  slime-  If  it 
be  exposed  to  alternations  of  dryaess  and  moist nre}  as  in  the 
case  of  piles  in  tidal  waters,  the  dissolved  parts  being  con 
tinually  moved  by  evaporation  and  the  action  of  the  water, 
new  surfaces  are  exposed,  and  the  wood  rapidly  decays. 

Where  timber  is  exposed  to  heat  and  moisture,  the  albn- 
men  or  gelatinous  matter  in  the  sapwood  speedily  putrefies 
and  decomposes,  causing  what  is  called  rot.  The  rot  in  tim 
ber  Is  commonly  divided  into  two  kinds,  the  wef  and  the  dry, 
but  the  chief  difference  between  them  is,  that  where  the  tim 
ber  is  exposed  to  the  air,  the  gaseous  products  are  freely 
evaporated  ;  whilst?  in  a  confined  situation,  they  combine  in 
a  new  form,  viz.,  the  dry-rot  fungus,  which,  deriving  its 
nourishment  from  the  decaying  timber,  often  grows  to  & 
length  of  many  feet,  spreading  in  every  direction,  and  insinu 
ating  its  delicate  fibres  even  through  the  Joints  of  brick 
walls. 

In  addition  to  the  sources  of  decay  above  mention^  tim 
ber  placed  In  sea-water  is  very  liable  to  be  completely  de 
stroyed  by  the  perforations  of  the  worm^  unless  protected  by 
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copper  sheathing1,  the  expense  of  which  causes  it  to  be  seldom 
used  for  this  purpose. 

141.  PreveMlion  of  .Deaw/.—Thv  best  wctaod  of  protecting 
woodwork  from  decay  when  exposed  to  the  weather  m  tc 
paint  it  thoroughly,  HO  as  to  prevent  its  being  affeeted  by 
moisture.  It  is,  however,  moat  important  not  to  apply  pain' 
to  any  woodwork  which  haw  not  been  thoroughly  seasoned 
for  in  this  ease  the  evaporation  of  the  Hap  being  prevented, 
it  decomposes,  and  the  wood  rapidly  decays. 

Many  plans  have  been  proponed  for  preventing  the  rot 

148.  For  a  list  of  the  varieties  of  timber  for  building  pur 
poses,  see  Appendix. 

149,  For  internal  finishings,  mahogany  is  much  used ; 
that  called  Spanish,  which  comes  from  the  West  India 
Islands  is  considered  the  best. 

For  jomers7  and  cabinet  makers7  work,  a  great  many  kinds 
of  fancy  wood  are  imported,  which  are  cut  by  machinery 
into  thin  slices,  called  veneers,  and  used  as  an  ornamental 
covering  to  inferior  work.  In  veneering  care  should  be 
taken  that  the  body  of  the  work  be  thoroughly  seasoned,  or 
it  will  shrink,  and  the  veneer  fly  off. 


LIMES   AND   CEMENTS,    MORTAR,    ETC. 

150.  So  much  of  the  stability  of  brickwork  and  masonry 
depends  upon  the  binding  properties  of  the  mortar  or  cement 
with  which  the  materials  are  united,  especially  when  exposed, 
to  a  side  pressure,  as  in  the  case  of  retaining  walls,  arches, 
and  piers,  that  it  is  of  no  small  importance  to  ascertain  on 
what  the  strength  of  mortar  really  depends,  and  how  far  the 
proportions  of  the  ingredients  require  modification,  according 
to  the  quality  of  the  lime  that  may  have  to  be  used. 

It  was  long  supposed  that  the  hardness  of  any  mortar  de 
pended  upon  the  hardness  of  t?he  limestone,  from  which  the 
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lime  used  in  its  composition  was  derived  ;  but  it  was  ascer 
tained  by  the  celebrated  Smeaton,  and  since  Ms  time  clearly 
shown  by  the  researches  of  others,  amongst  whom  may  be 
named,  Yicat  in  Prance,  and  Colonel  Pasley  in  England, 
that  the  hardness  of  the  limestone  has  nothing  to  do  with 
the  matter,  and  that  it  is  its  chemical  composition  which 
regulates  the  quality  of  the  mortar. 

151.  Limestone  may  be  divided  into  three  classes; 
1st.  Pure  limes — as  chalk. 

2d.  Water  limes — some  of  which  are  only  slightly  hy 
draulic,  as  the  stone  limes  of  the  lower  chalk,  whilst  other? 
are  eminently  so,  as  the  has  limes. 

3d   Water  cements — as  those  of  Sheppy  and  Harwich. 

152.  Tn  making  mortar  the  following  processes  are  gone 
through  : 

1st.  The  limestone  is  calcined  by  exposure  to  strong 
heat  in  a  kiln,  which  drives  off  the  carbonic  acid  gas  con 
tained  in  it,  and  reduces  it  to  the  state  of  quick-lime. 

2d.  The  quick-lime  is  slaked  by  pouring  water  upon  it, 
when  it  swells,  more  or  lens,  with  considerable  heat,  and 
falls  into  a  fine  powder,  forming  a  hydrats  of  lime 

3d.  The  hydrate  thus  formed  is  mixed  up  into  a  stiffish 
paste,  with  the  addition  of  more  water,  and  a  proper  pro 
portion  of  sand,  and  is  then  ready  for  use. 

153.  Pure  Limes. — ChM  is  a  pure  carbonate  of  lime, 
consisting  of  about  5  parts  of  lime  combined  with  4  of  car 
bonic  add  gas.    It  expands  greatly  in  slaking,  and  will  bear 
from  throe  to  8  J  parts  of  sand  to  one  of  lime,  when  made  up- 
into  mortar.     Chalk  lime  mortar  is,  however,  of  little  value, 
as  it  sets  or  hardens  very  slowly,  and  in  moist  situations 
never  sets  at  all,  but  remains  in  a  pulpy  state,  which  renders- 
it  quite  unfit  for  any  work  subjected  to  the  action  of  water' 
or  even  for  the  external  walls  of  a  building. 
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154.  Gypsum,  from  which  is  made  plaster  of  Paris  for 
cornices  and  internal  decorations,  is  granular  sulphate  of 
iime,  and  contains  20  5  oi'  lime,  37"5  of  sulphuric  acid,  and 
It  of  water.     It  slakes  without  swelling,  with  a  moderate 
heat,  Hotting  hard  irv  a  very  short  time,  and  will  even  set 
under  water ;  but  as  it  is,  like  other  pure  limes,  partly  solu 
ble  in  water,  it  is  not  suitable  for  anything,  but  internal 
work. 

155.  Water  limes  have  obtained  their  name  from  the  pro 
perty  they  possess,  in  a  greater  or  less  degree,  of  sotting 
under  water.    They  are  composed  of  carbonate  of  lime, 
mixed  with  silica,  alumina,  oxide  of  iron,  and  sometimes 
other  substances. 

156.  Dorking  lime,  obtained  from  the  beds  of  the  lower 
chalk,  at  Dorking,  in  Surrey  ;   and  Hailing  lime,  from  a 
similar  situation  near  llochester,  in  Kent;,  arc  the  principal 
limes  used  in  London  for  making  mortar,  and  arc  slightly 
hydraulic  ;  they  expand  considerably  in  slaking,  but  not  so 
much  as  the  pure  limes,  and  will  make  excellent  mortar  when 
mixed  with  three  parts  of  sand  to  one  of  lime.     Mortar  made 
with  these  limes  sets  hard  and  moderately  quick,  and  w/ien 
set,  may  be  exposed  to  considerable  moisture  without  injury  • 
but  they  will  not  set  under  water,  and  are  therefore  unlit  for 
hydraulic  works,  unless  combined  with  some  other  substance, 
as  puzzolam,  to  give  them  water-setting  properties. 

157.  The  Una  lias  limes  arc  the  strongest  water  limes  in 
this  country.    They  slake  very  slowly,  swelling  but  little  in 
the  process,  and  set  very  rapidly  even  under  water  ;  a  few 
days  only  sufficing  to  make  mortar  extremely  hard.    The 
lias  limes  will  take  a  much  smaller  proportion  of  sand  than 
the  pure  limes,  the  reason  of  which  will  be  understood,  when 
it  is  remembered  that  they  contain  a  considerable  proportion 
of  silica  and  alumina,  combined  with  the  lime  in  their  natu 
ral  state,  and  consequently  the  proportion  of  sand  which 
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makes  good  mortar  with  chalk  lime,  would  ruin  jaortar 
made  with  lias  limes. 

In  the  Vale  of  Belvoir,  where  the  lias  lime  is  extensively 
used,  the  common  practice  is  to  use  equal  parts  of  lime  and 
sand  for  inside,  and  half  sand  to  one  of  lime  for  face  work. 

158.  Water  Cements,  —  These  differ  from  the  water  limes, 
as  regards  their  chemical  composition,  only  in  containing 
less  carbonate  of  lime  and  more  of  silica  and  alumina.  They 
require  to  be  reduced  to  a  fine  powder  after  calcination, 
without  which  preparation  they  cannot  be  made  to  slake. 
The  process  of  slaking  is  not  accompanied  by  any  increase 
of  bulk,  and  they  kset  under  water  in  a  short  time,  a  few 
hours  sufficing  for  a  cement  joint  to  become  perfectly  hard. 

Cement  will  not  bear  much  sand  without  its  cenicntitious 
properties  being  greatly  weakened,  the  usual  proportion 
being  equal  parts  of  sand  and  cement. 

159.  The  use  of  natural  cement  was  introduced  by  Mr. 
Parker,  who  first  discovered  the  properties  of  the  cement- 
stone  in  the  Isle  of  Shoppy,  and  took  out  a  patent  for  the 
sale  of  it  in  I79fi,  under  the  name  of  Roman  cement. 


Before  that  time,  hydraulic  mortar,  for  clock  walls,  har 
bor  work,  Ac.,  was  usually  made,  by  mixing  common  lime 
with  trass,  from  Andcrnach  in  Germany,  or  with  puzzolana 
from  Italy  ;  both  are  considered  to  be  volcanic  products, 
the  latter  containing  silica  and  alumina,  with  a  small  quan 
tity  of  lime,  potash,  and  magnesia.  Iron  is  also  associated 
with  it  in  a  magnetic  state. 

160.  The  expense  of  natural  puzzolana  led  to  the  manu 
facture  of  artificial  puzzolana,  which  appears  to  have  been 
used  at  an  early  date  by  the  Romans,  and  has  continued  in 
use  in  the  south  of  Europe  to  the  present  day  ;  artificial 
puzzolana  is  made  of  pounded  bricks  or  tile  dust.  The 
Dutch  manufacture  an  artificial  puzzolana  from  burn'  clay, 
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in  imitation  of  the  trass  of  Andernaeh,  which  is  said  to  be  n 
close  imitation  of  the  natural  product. 

101.  The  groat  and  increasing  demand  for  cement,  and 
its  great  superiority  for  most  purposes  over  lime  mortar, 
hare  induced  manufacturers  to  turn  their  attention  to  the 
manufacture  of  artificial  cement,  and  this  has  been  attended 
in  many  instances  with  perfect  success  ;  the  artificial  cements 
now  offered  for  Hale,  formed  by  imitating  the  composition  of 
the  natural  cement-stones,  being  mostly  equal  in  quality,  if 
not  superior,  to  the  Roman  cement,  the  use  of  which  has 
been  partly  superseded  by  them. 

162.  The  quality  of  the  sand  used  in  making  mortar  is  by 
no  means  unimportant.     It  should  be  clean  and  sharp  ;  i.  e., 
angular,  and  perfectly  free  from  all  impurities.    The  purer 
the  lime  the  finer  should  be  the  quality  of  the  sand,  tho^pure 
limes  requiring  finer,  and  the  cements  a  coarser  sand,  than 
the  hydraulic  limes 

CONCRETE   AND   BETON. 

163.  Rubble  masonry,  formed  of  small  stones  bedded  in 
mortar,  appears  to  have  been  commonly  used  in  England 
from  an  early  period;   and  similar  work,  cemented  with 
hydraulic  mortar,  was  constantly  made  use  of  by  the  Ro 
mans  in  their  sea-works,  of  which  many  remains  exist  at  the 
present  day  in  a  perfectly  sound  state. 

164.  This  mode  of  forming  foundations,  in  situations  where 
solid  masonry  would  be  inapplicable,  has  been  revived  in 
modern  times  ;  in  England  and  the  United  States  under  the 
name  of  concrete,  and  on  tk6  continent  under  the  name  of 
b£ton,    Although  very  similar  in  their  nature  and  use,  there 
are  yet  great  differences  between  b^ton  and  concrete,  which 
depend  on  the  nature  of  the  lime  used,  concrete  being  made 
with  the  weak  water  limes  which  will  not  set  under  water, 
whilst  beton  is  invariably  made  with  water-setting  limes,  or 
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with  limes  rendered  hydraulic  by  the  addition  of  puzzolana. 
Describing  the  two  by  thoir  differences,  it  may  be  observed 
that  concrete  is  made  with  unslaked  liine,  and  immediately 
thrown  into  the  foundation  pit ;  beton  is  allowed  to  btand 
before  use,  until  the  lime  is  thoroughly  slaked  ;  concrete  is 
thrown  into  its  place  and  rammed  to  consolidate  it  ;  beton 
is  generally  lowered  and  not  afterwards  disturbed  ;  concrete 
must  be  thrown  into  a  dry  place,  and  not  exposed  to  the 
action  of  water  until  thoroughly  set  ;  beton,  on  die  contrary, 
is  made  use  of  principally  under  water,  to  save  the  trouble 
and  expense  of  laying  dry  the  bottom. 

165.  Concrete  is  usually  made  with  gravel,  sand,   and 
ground  unslaked  lime,  mixed  together  with  water,  the  pro 
portions  of  sand  and  lime  being  those  which  would  make 
good  mortar  without  the  gravel,  and,  of  course,  varying  ac 
cording  to  the  quality  of  the  lime  ;  with  the  common  limes, 
slaking  takes  place  at  the  time  of  mixing,  and  the  quality  of 
the  concrete  is  all  the  better  for  the  freshness  of  the  lime. 
If  lias  lime  be  used,  the  concrete  becomes  beton,  and  must 
be  treated  accordingly. 

The  lime  in  this  case  must  be  thoroughly  slaked  (which 
often  takes  many  hours)  before  it  can  be  considered  fit  for 
use  ;  and,  if  this  precaution  be  not  attended  to,  the  whole 
of  the  work,  after  having  set  very  hard  on  the  surface,  cracks 
and  becomes  a  friable  mass,  from  the  slaking  of  the  reiactory 
particles  after  the  body  of  the  concrete  has  set. 

166.  Asphalte,  so  much  in  use  at  the  present  day  for  foot- 
pavements,  terrace-roofs,  <fec.,  is  made  by  melting  the  asphalte 
r*ock,  which,  is  a  carbonate  of  lime  intimately  combined  with 
bitumen,  and  adding  to  it  a  small  portion  of  mineral  tar, 
which  forms  a  compact  semi-elastic  solid,  admirably  adapted 
for  resisting  the  effects  of  frost,  heat,  and  wet, 

Many  artificial  asphaltes  have  been  brought  under  public 
notice  from  time  to  time,  but  they  are  all  inferior  to  the  na 
tural  asphalte,  in  the  intimate  combination  of  the  Mme  and 
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bitumen,  which  it  appears  impossible  to  effect  thoroughly 
by  artificial  means. 

METALS. 

16*1.  The  metals  used  as  building  materials  arc  iron,  lead, 
copper,  zinc,  and  tin. 

168.  Iron.  —  Iron  is  used  by  the  builder  in  two  different 
states,  viz.,  east  iron  and  wrought  iron,  the  differences  be 
tween  them  depending  on  the  proportion  of  carbon  com 
bined  with  the  metal  ;  cast  iron  containing  the  most,  and 
wrought  iron  the  least. 

169.  Previous  to  the  middle  of  the  last  century,  the  smelt 
ing  of  iron  was  carried  on  with  wood  charcoal,  and  the  ores 
used  were  chiefly  from  the  secondary  strata,  although  the 
clay  ironstones  of  the  coal  measures  were  occasionally  used 

170.  The  introduction  of  smelting  with  pitcoal  coke  dur 
ing  the  last  century  caused  a  complete  revolution  in  the  iron 
trade.    The  ores  now  chiefly  used  are  the  clay  ironstones  of 
the  coal  measures,  and  the  fuel,  pitcoal,  or  coke.     Steam 
power  is  almost  exclusively  used  for  the  production  of  the 
blast  in  the  furnaces,  and  for  working  the  forge  hammers  and 
rolling  mills. 

111.  For  the  production  of  wrought  iron  in  the  ordinary 
manner,  two  distinct  sets  of  processes  arc  required.  1st. 
The  extraction  of  the  metal  from  the  ore  in  the  shape  of 
cast  iron.  2nd.  The  conversion  of  cast  iron  into  malleable 
or  bar  iron,  by  re-melting,  puddling,  and  forging.  The 
conversion  of  bar  iron  into  steel  is  effected  by  placing  it  in 
contact  with  powdered  charcoal  in  a  furnace  of  cementation. 

172.  Cast  iron  is  produced  by  smelting  the  previously  cal 
cined  ore  in  a  blast  furnace,  with  a  portion  of  limefitODe  ah 
a  flux,  and  pitcoal  or  coke  as  fuel.  The  melted  metal  sinks 
to  the  bottom  of  the  furnace  by  its  greater  specific  gravity. 
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The  limestone  and  other  impurities  float  on  the  top  of  the 
melted  mass,  and  are  allowed  to  run  off,  forming  slag  or 
cinder.  The,  melted  metal  is  riin  off  from  the  bottom  of  the 
furnace  into  moulds,  where  castings  are  required,  and  into 
furrows  made  in  a  level  bed  of  sand,  when  the  metal  is  re 
quired  for  conversion  into  malleable  iron,  the  bars  thus  pro 
duced  being  called  pigs. 

173.  In  the  year  182t,  it  was  discovered  that  by  the  use 
of  heated  air  for  the  blast,  a  great  saving  of  fuel  could  be 
effected  as  compared  with  the  cold  blast  process. 

The  hot  blast  is  now  very  extensively  in  use,  and  has  the 
double  advantage  of  requiring  less  fuel  to  bring  down  an 
equal  quantity  of  metal,  and  of  enabling  the  manufacturer 
to  use  raw  pitcoal  instead  of  coke,  so  that  a  saving  is  effect 
ed  both  in  the  quantity  and  cost  of  the  fuel. 

For  a  considerable  time  after  its  introduction  it  was  held 
in  great  disrepute,  which,  however,  may  be  chiefly  attributed 
to  the  inferior  quality  of  materials  used,  the  power  of  the 
hot  blast  in  reducing  the  most  refractory  ores  offering  a 
great  temptation  to  obtain  a  much  larger  product  from  the 
furnace  than  was  compatible  with  the  -good  quality  of  the 
metal.  The  use  of  the  hot  blast  by  firms  of  acknowledged 
character  has  greatly  tended  to  remove  the  prejudice  against 
it ;  and  in  many  iron  works  of  high  character,  nothing  but 
the  hot  blast  with  pitcoal  is  used  in  the  smelting  furnaces, 
the  use  of  coke  being  confined  to  the  subsequent  processes. 

Perhaps  it  may  be  laid  down  as  a  general  principle,  that 
where  the  pig  iron  is  re-melted  with  coke  in  the  cupola  fur 
nace,  for  the  purposes  of  the  iron  founder  ;  or  refined  with 
coke  in  the  conversion  of  forge  pig  into  bar  iron,  it  is  of  lit 
tle  consequence  whether  the  reduction  of  the  ore  has  been 
effected  with  the  hot  or  the  cold  blast ;  but  where  castings 
have  to  be  run  directly  from  the  smelting  furnace,  the  quality 
of  the  metal  will,  no  doubt,  suffer  from  the  use  of  the  former 

If  4.  Oast  iron  is  divided  by  ironfounders  into  three  qua- 
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lities,  "No.  1,  or  Hack  cast  iron,  is  coarse-grained,  soft,  and 
not  very  tenacious.  When  re-melted  it  passes  into  No.  2> 
or  grey  cast  iron.  This  is  the  best  quality  for  castings  re 
quiring  strength  :  it  is  more  iinely  grained  than  No.  1,  and 
is  harder  and  more  tenacious.  When  repeatedly  re-melted 
it  becomes  excessively  hard  and  brittle,  and  passes  into  No. 
3,  or  white  cast  iron,  which  is  only  used  for  the  commonest 
castings,  as  sash-weights,  cannon-balls,  and  similar  articles. 
White  cast  iron,  if  produced  direct  from  the  ore,  is  hii  indi 
cation  of  derangement  in  the  working  of  the  furnace,  and  is 
unfit  for  the  ordinary  purposes  of  the  founder,  except  to  mix 
with  other  qualities. 

175.  Girders  and  similar  solid  articles  are  cast  iu  sand 
moulds,  enclosed  in  iron  frames  or  boxesj  each  mo  aid  requir 
ing  an  upper  and  lower  box.  A  mould  is  formed  by  press 
ing  sand  firmly  round  a  wooden  yattern,  which  is  afterwards 
removed,  and  the  melted  metal  poured  .into  the  space  thup 
left  through  apertures  made  for  the  purpose. 

The  moulds  for  ornamental  work  and  for  hollow  castings 
are  of  a  more  complicated  construction,  which  will  be  better 
understood  from  actual  inspection  at  a  foundry  than  from 
any  written  description. 

Almost  all  irons  are  improved  by  admixture  with  others, 
and,  therefore,  where  superior  castings  are  required  they 
should  not  be  run  direct  from  the  smelting  furnace,  but  the 
metal  should  be  re-melted  in  a  cupola  furnace,  which  gives 
the  opportunity  of  suiting  the  quality  of  the  iron  to  its  in 
tended  use.  Thus,  for  delicate  ornamental  work,  a  soft  and 
very  fluid  iron  will  be  required,  whilst,  for  girders  and  cast 
ings  exposed  to  cross  strains,  the  metal  will  require  to  be 
harder  and*  more  tenacious.  For  bedplates  and  castings 
which  have  merely  to  sustain  a  compressing  force,  the  chief 
point  to  be  attended  to  is  the  hardness  of  the  metal. 

Castings  should  be  allowed  to  remain  in  the  sand  until 
cool,  as.  the  quality  of  the  metal  is  greatly  injured  "by  the 
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rapid  and  irregular  cooMng  which  takes  place  from  exposure 
to  air  if  removed  from  moulds  in  a  red  hot  state,  which  is 
sometimes  done  in  small  foundries  to  economise  room. 

The  Scotch  iron,  which  is  so  much  esteemed  for  hollow 
wares,  and  has  a  beautifully  smooth  surface,  is  much  used 
in  the  United  States.  The  Scotch  iron  is  softer,  runs  closer, 
and  is  used  much  for  plates  which  require  smoothness,  for 
steam-engine  cylinders,  and  work  of  like  character,  which 
requires  closeness,  or  soundness ;  it  is  also  mixed  with  our  Ame 
rican  iron.  The  Eastern  iron  is  the  best  used  in  the  United 
States  for  positions  requiring  great  strength.  The  iron 
from  the  West  is  more  like  Scotch. 

The  Welch  iron  is  principally  used  for  conversion  into  bar 
iron. 

1^6.  The  conversion  of  forge  pig  into  bar  iron  is  effected 
by  a  variety  of  processes,  which  have  for  their  object  the 
freeing  the  metal  from  the  carbon  and  other  impurities  com 
bined  with  it,  so  as  to  produce  as  nearly  as  possible  the  pure 
metal.  We  do  not  purpose  to  enter  in  these  pages  into  any 
of  the  details  of  the  manufacture  of  bar  iron,  or  of  its  con 
version  into  steel,  as  our  business  is  rather  with  the  iron- 
founder  than  the  manufacturer  ;  it  may,  however,  be  proper 
to  state  that  new  processes  have  lately  been  patented,  by 
which  malleable  iron  and  steel  may  be  produced  directly  from 
the  ore,  without  the  use  of  the  smelting  furnace,  a  plan 
which  is  likely  to  be  attended  with  beneficial  results,  both  us 
regards  economy  and  quality  of  metal, 

177.  Lead. — Lead  is  used  by  the  mason  for  securing  dowels, 
coating  iron  cramps,  and  similar  purposes,  see  section  IT., 
Plumber. 

Lead  is  also  used  by  the  smith  in  fixing  iron*  railings,  and 
other  work  where  iron  is  let  into  stone  ;  but  the  use  of  lead 
in  contact  with  iron  is  always  to  be  avoided,  if  possible,  as 
it  has  an  injurious  effect  upon  the  latter  metal,  the  part  in 
contact  with  the  lead  becoming  gradually  softened. 
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The  chief  value  of  lead,  however,  to  the  builder,  is  as  a 
covering  for  roofs,  and  for  lining  gutters,  cisterns,  &c.,  for 
which  uses  it  is  superior  to  any  other  metal.  For  these  pur 
poses  the  lead  is  cast  into  sheets,  and  then  passed  between 
rollers  in  a  flatting-mill,  until  it  has  been  reduced  to  the  re 
quired  thickness. 

Cast-had  is  often  made  by  plumbers  themselves  from  old 
lead  taken  in  exchange  ;  but  it  is  very  inferior  to  the  milled 
lead  of  the  manufacturer,  being  not  so  compact,  and  often 
containing  small  air-holes,  which  render  it  unfit  for  any  but 
inferior  purposes. 

ITS.  Copper. — See  Section  IV.,  Coppersmith. 

179.  Zinc. — See  Section  IY.,  Zincworker. 

180.  Brass  is  an  alloy  of  the  copper  and  zinc,  the  best 
oroportious  being  nearly  two  parts  of  copper  to  one  of  zinc. 

181.  Bronze  is  a  compound  of  metal,  composed  of  copper 
and  tin,  to  which  are  sometimes  added  a  little  zinc  and  lead. 

The  best  proportions  for  casting  statues  and  bas-reliefs 
appear  to  be  attained  when  the  tin  forms  about  10  per  cent, 
of  the  alloy. 

By  alloying  copper  with  tin,  a  more  fusible  metal  is  ob 
tained,  and  the  alloy  is  much  harder  than  pure  copper  ;  but 
considerable  management  is  required  to  prevent  the  copper 
from  becoming  refined  in  the  process  of  melting,  a  result 
which  has  frequently  happened  to  inexperienced  founders. 

182.  Bettrtnetd  is  composed  of  copper  and  tin,  in  the  pro 
portion  of  78  per  cent,  of  the  former  to  22  per  cent,  of  the 
latter. 

183.  Oast  iron  lintels  and  columns  are  in  common  use  in 
our  cities.     Oast  iron  blocks  are  also  frequently  used  for  the 
arches  of  bridges.    Iron  chains  are  used  with  advantage 
tinder  the  roofs  of  circular  buildings. 
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STONE. 

184.  Granite  rock  appears  to  have  been  originally  a  fused 
mass,  and  subsequently  to  have  undergone  the  process  of 
crystallization.  It  is  of  a  granular  structure,  that  is,  con 
sisting  of  separate  grains  of  different  substances,  united,  ap 
parently,  without  the  aid  of  any  intermediate  matter  or  ce 
ment.  These  substances  are  quartz,  felspar,  and  mica.,  each 
of  these  being  a  compound.  The  infinite  variety  of  propor 
tions  in  which  their  several  constituent  elements  arc  united 
in  the  mass,  occasions  the  great  diversity  of  color,  and  of 
appearance  of  the  several  kinds  of  granite,  and  also  affects 
in  a  much  .more  important  manner  the  enduring  character 
istics  of  this  valuable  material.  Thus,  its  color  varies  from 
light  grey  to  a  dark  tint  closely  resembling  black,  and  is  to 
be  found  of  all  shades  of  red,  and  many  green.  Of  the  con 
stituents  of  granite,  quartz  is  a  substance  of  a  glassy  appear 
ance,  and  of  a  grey  color,  and  is  composed  of  a  metallic  base 
silidum  and  oxygen  :  fekpar  is  also  a  crystalline  substance, 
but  commonly  opaque,  of  a  yellowish  or  pink  color,  corn- 
posed  of  silicious  and  aluminous  mattter,  with  a  small  pro 
portion  of  lime  and  potash ;  mica,  a  glittering  substance, 
principally  consists  of  clay  and  flint,  witli  a  little  magnesia 
and  oxide  of  iron.  Instead  of  the  mica,  another  substance 
called  kornlknde,  is  found  in  some  granites  ;  hornblende  is  a 
dark  crystalline  substance,  composed  of  flint,  alumina,  and 
magnesia,  besides  a  large  poportion  of  the  black  oxide  of 
iron.  Granites  in  which  hornblende  exists  are  sometimes 
called  Syenite,  having  first  been  found  in  the  island  of  Syene 
vn  Egypt, 

185.  Granite  is  found  in  mountain-chains,  and  usually  in 
rugged  outlines,  in  nearly  all  parts  of  Europe  and  America. 
Although  all  granites  are  similar  in  structure,  the  difference 
in  the  proportions  of  its  constituent  substances  occasions 
great  difference  in  its  enduring  and  useful  properties.  Some 
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varieties  are  exceedingly  friable  and  liable  to  decomposition, 
while  others,  including  that  known  as  Sienite,  suffer  but  im 
perceptibly  from  moisture  and  the  atmosphere.  The  com 
pact  nature  of  a  close-grained  granite,  having  the  felspar 
highly  crystallized  and  free  from  stains  or  cracks,  seems  well 
calculated  to  resist  the  effect  of  air  and  water. 

186.  Slate. — The  geologists  recognised  four  kinds  of  slate, 
mica  slate,  talcows  slate,  flinty  slate,  and  common  or  clay  slate. 
Of  these  the  last  only  is  a  material  of  extended  use  in  the 
arts  of  building  and  construction.     Clay  slate,  as  its  name 
implies,  consists  chiefly  of  clay  in  an  indurated  condition, 
and  occasionally  containing  particles  of  mica  and  quartz, 
and  in  some  of  the  coarser  kinds,  grains  of  felspar  and  other 
fragments  of  the  primary  rocks.     In  the  extreme  admixture 
of  these  foreign  substances,  clay  slate  approaches  the  nature 
of  the  rock  known  as  grey  wacke.     The  beds  of  clay  slate 
are  invariably  stratified,  the  thickness  of  the  strata,  how 
ever,  varying  from  a  fraction  of  an  inch  to  many  feet.     Its 
laminar  texture  admits  a  ready  separation  into  thin  plates, 
and  thus  endows  it  with  a  supreme  value  for  roofing  and 
other  purposes,  in  which  great  density  and  comparative  im 
permeability  are  required  to  coexist  with  a  minimum  thick 
ness  and  weight.    The  weight  of  slates  varies  from  174  to 
179  Ibs.  per  cubic  foot. 

187.  Sandstones. — These  rocks,  belonging,  geologically, 
to  various  positions  in  the  order  of  the  strata  of  which  the 
exterior  of  the  earth  is  composed.     Sandstones  are  princi 
pally  silicious,  and  possess  various  degrees  of  induration. 
These  stones  weigh  from  140  to  150  Ibs.  per  cubic  foot. 

188.  From  the  nature  of  the  composition  of  sandstones,  it 
results  that  their  resistance  against,  or  yielding  to,  the  de 
composing  effects  to  which  they  are  subjected,  depends  to  a 
great  extent,  if  not  wholly,  upon  the  nature  of  the  cementing 
substance  by  which  the  grains  are  united ;  these  latter 
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being  comparatively  indestructible.  From  the  nature  of 
their  formation,  sandstones  are  usually  laminated,  and  more 
especially  so  when  inica  is  present,  the  plates  of  which  are 
generally  arranged  m  planes  parallel  to  their  beds.  Stones 
of  this  description  should  be  carefully  placed  m  contractions, 
so  that  the>e  planes  of  lamination  may  be  horizontal,  for  if 
placed  vertically,  the  action  of  decomposition  will  occur  in 
flake?,  according  to  the  thickness  of  the  kminse  Indeed, 
the  best  way  of  using  all  descriptions  of  stone  is,  in  the  same 
position  which  they  had  in  the  quarry  ;  but  this  becomes  an 
imperative  rule  with  those  of  laminated  structure. 

189.  Uniformity  of  color  is  a  tolerably  correct  criterion 
of  uniformity  of  structure,  and  this  constitutes,  other  circum 
stances  being  equal,  one  of  the  practical  excellencies  of 
building  stones.    The  great  injury  occasioned  to  these  ma 
terials  by  their  absorption  of  moisture,  leads  properly  to  a 
preference  for  such  stones  as  resist  its  introduction,  for  all 
above  ground  purposes.    Those  which  imbibe  and  retain 
moisture  are  especially  liable  to  disruption  by  frost,  if  ex 
posed.    The  simplest  method  of  finding  out  the  disposition 
of  stone  to  imbibe  moisture  is  to  immerse  it  for  a  lengthened 
period  of  time  in.  water,  and  to  compare  the  weight  of  it  be 
fore  and  after  such  immersion. 

190.  Limestones. — The  class  of  limestones,  including  the 
magnesian  limestones  and  the  oolites,  is  one  of  extreme  im 
portance  in  the  building  arts,  comprehending  some  of  the 
most  advantageous  materials  of  construction,  arid  combining 
great  comparative  durability  with   peculiar  facilities    for 
working,  in  which  they  surpass  the  sandstones.     Of  the  lime 
stones  and  the  oolites,  the  principal  material  is  carbonate  of 
lime.    The  magnesian  limestones  contain  a  quantity  of  car 
bonate  of  magnesia,  in  some  cases  nearly  equal  to  that  of 
carbonate  of  lime. 

191.  It  is  remarked  that  magnesian  limestone  appears 
capable  of  resisting  decomposing  action  in  proportion  as  its 
btructore  is  crystalline. 
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SLATE. 

192.  Sm  Section  IT. 

GLASS. 

193.  8m  Section  IT. 

BRICKS   AND    TILES. 


194.  According  to  the  Bible,  burnt  bricks  weie  used  h 
I  lie  Tower  of  Babel. 

In  Egypt,  bricks  were  made  of  clay,  mixed  with  dried 
straw,  aiiti  dried  in  the  sun. 

195  The  usual  form  of  a  brick  is  a  paralellopipedon, 
about  9  in,  long,  4|  in  broad,  and  2|  to  3  in.  thick — the  exact 
iwe  varying  with  the  construction  of  the  clay  The  thick- 
nesi*  need  not  bear  any  definite  proportion  to  the  length  and 

hut  last  dimension^  require  nice  adjustment, 

as  the  exceed  twice  the  breadth  by  the  thick- 

of  a  Joint. 

1116.  The  manufacture  of  tilea  is  similar  to  that  of  bricks, 
the  difference  urging  frum  the  thinness  of  the  ware. 

Paring  files         be  couriered  bimply  a  thin  brick. 

fi!e\  are  of  two  kinds  :  pantiles,  which  are  of  a 
^liape,  awl  plaint  ile%  which  are  flat,  the  latter  being 
made  of  ornamental  shapes  so  as  to  form  elegant  pat 
terns  kid  on  a  roof, 

are  flat,  and  afterwards  bent  into  their 

oa  the  mould.     Piaintiles  were  formerly  made 

with          in          &r  the  reception  of  the  tile-pins,  by  which 

they  on  the  ;  bit  the  common  method  now 

is  to  a  couple  of  at  the  head  of  the  tile, 

the  purpose. 

ill*  Hk$  are  the  coarsest  kind  of  earthenware* 

They  are  of  are  in  various  ways* 

It8.  S»  IT. 

Iti.  &e 
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SECTION  III. 

STRENGTH  OF  MATERIALS. 

-     900,  There  are  three  principal  actions  to  which  the  ma- 
\erials  of  a  building  are  exposed. 

1st,   Compression — as  the  case  of  the  stones  in  a  wall, 
2nd.   Tension — as  in  the  case  of  a  king-post  or  tie-beam, 
3rd.  Cross-strain — as  in  the  case  of  a  brossummer,  floor- 
joists,  &c. 

The  last  of  the  three  is  the  only  one  against  which  pre 
cautions  are  especially  necessary,  as  in  all  ordinary  cases  the 
resistance  of  the  materials  used  for  building  is  far  .beyond 
any  direct  crushing  or  pulling  force  that  is  likely  to  be 
brought  upon  them. 

201.  1st.  Resistance  to  Compression. — The  following  table 
shows  the  force  required  to  crush  1|  in.  cubes  of  several 
kinds  of  building  material: — 

ibs.  n«. 

Good  brick   .     .  1817      Portland  stone    .     .  10,284 
Derbyshire  grit  .  7070      Granite      ".     .     .14,300. 

These  amounts  so  far  exceed  any  weight  that  could  have 
to  be  borne  on  an  equal  area,  under  ordinary  circumstances, 
that  it  is  quite  unnecessary  in  the  erection  of  a  building  to 
make  any  calculations  on  this  head  when  using  these  or 
similar  materials. 

Cast  iron  maybe  considered  as  practically  incompressible  ; 
wrought  iron  may  be  flattened  under  great  pressure,  but 
cannot  be  crashed.  Timber  may  be  considered,  for  practical 
purposes,  as  nearly  incompressible,  when  the  weight  is  ap 
plied  in  the  direction  of  the  fibres,  as  in  the  case  of  a  wooden 
story-post ;  but  the  softer  kinds,  as  fir,  offer  little  resistance, 
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when  the  weight  is  applied  at  right  angles  to  the  fibres,  as 
in  the  case  of  the  sill  of  a  partition  ;  and,  beside  this,  timber, 
however  well-seasoned,  will  ajways  shrink,  more  or  less,  in 
the  direction  of  its  thickness,  so  that  no  important  bearings 
should  be  trusted  to  it. 

202.  2nd.  Resistance  to  Tension. — The  principal  building 
materials  that  are  required  to  resist  direct  tension  are  libber 
and  wrought  iron. 

The  following  table  shows  the  weight  in  tons  required  10 
tear  asunder  bars  1  inch  square  of  tht  bllowing  materials  : — 

Tons. 

Oak 51-6 

Fir ,    ,     .     .     .  5J 

Cast  iron 7| 

Wrought  iron 10 

Wrought  copper 15 

English  bar  iron 25 

American  iron 3  *TJ 

Blistered  steel 59| 

Cast  iron,  however,  although  included  in  the  above  table, 
is  an  unsuitable  material  for  the  purpose  of  resisting  tension, 
being  comparatively  brittle.  With  regard  to  tinier,  it  is 
practicably  impossible  to  tear  asunder  a  piece  of  even  mo 
derate  size,  by  a  force  applied  in.  the  direction  of  the  fibres, 
and  therefore  the  dimensions  of  king-posts,  tie-beams,  and 
other  timbers  which  have  to  resist  a  pulling  force,  are  regu 
lated  by  the  necessity  of  forming  proper  joints  and  connec 
tions  with  the  other  parts  of  the  framing  to  which  they  be 
long,  rather  than  by  their  cohesive  strength.  But  it  must 
be  borne  in  mind,  that  although  the  strength  of  all  kinds  of 
timber  is  very  great  in  the  direction  of  the  fibres,  the  lateral 
cohesion  of  the  annual  rings  is  in  many  kinds  of  wood  very 
slight,  and  must  be  assisted  by  iron  straps  in  all  doubtful 
eases.  The  architects  of  the  middle  ages  executed  their 
magnificent  wooden  roofs  without  these  aids,  but  they  worked 
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IE  oak,  and  not  in  soft  fir,  which  would  split  and  rend  if 
treated  in  the  same  way. 

Wrought  iron  is  extensively  used  for  bolts,  straps,  tie-rods, 
and  all  purposes  which  require  great  strength,  with  small 
sectional  area  ;  one-fourth  of  the  breaking  weight  is  usually 
said  to  be  the  limit  to  which  it  should  be  strained  ;  but,  in 
all  probability,  this  amount  might  be  doubled  without  any 
injurious  effects. 

STRENGTH    OF   BEAMS. 

203.  3rd.   Cross  Strain. — In  calculating  the  strength  of 
beams  when  exposed  to  cross  or  transverse  strain,  two  prin 
cipal  considerations  present  themselves:  1st.  The  mechanical 
effect  which  any  given  load  will  produce  under  varying  con 
ditions  of  support:  and  2ndly.  The  resistance  of  the  beam, 
and  the  manner  in  which  this  is  affected  by  the  form  of  its. 
section. 

204.  1st.  Mechanical  Effect  of  a  given  Load  under  varywg] 
Circumstances, — If  a  rectangular  beam  be  supported  at  each 
end  and  loaded  in  the  middle,  the  strength  of  the  beam,,  its 
section  remaining  the  same,  will  be  inversely  as  the  distance 
between  the  supports,  the  weight  acting  with  a  leverage 
which  increases  at  this  distance  *     If  a  beam  be  fixed  at  one 

Fig.  70. 


*  It  may  be  as  well  to  observe  that,  although  this  is  true  as  to  the  strength  of 
beams  under  ordinary  circumstances,  it  does  not  hold  good  when  the  loading  is 
carried  to  the  breaking  point,  the  deflection  of  the  beam  causing  an  increase  or 
diminution  of  the  leverage  according  to  the  mode  of  support.  The  difference  of 
strength  arining  from  this  cause  is,  however,  too  trifling  to  he  taken  into  consider 
ation,  except  ia  delicate  experiments  on  the  ultimate-  strength  of  beams, 

32 
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end  and  weighted  at  the  other  (fig.  70),  its  strength  will  be 
half  that  of  a  similar  beam  of  double  the  length  supported 
as  first  described  (fig.  71).  'A  parallel  case  to  this  is  that 
of  a  beam  supported  in  the  middle  and  loaded  at  the  ends 

Fig.  71. 


'fig.  72).    In  each  of  the  above  cases  the  "beam  will  bear 
double  the  load  if  it  be  equally  distributed  over  its  whole 

Fig.  72. 


length,  as  shown  by  the  dotted  lines  ;  and  lastly,  the  strength 
of  a  beam  firmly  fixed  at  the  ends  is  to  its  strength  when 
loosely  laid  on  supports  as  3  to  2  (see  fig.  73J. 

Fig.  73. 
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These  results  may  be  simply  expressed  thus  : 
Let  s  be  the  weight  which  would  break  a  beam  of  giren 
length  and  scantling  fixed  at  one  end  and  loaded  at  the 
other  : 
then  2  s  would  break  the  same  beam  fixed  at  one  end  and 

uniformly  loaded  : 
4  s  would  break  the  same  beam  supported  at  each  end 

and  loaded  in  the  middle  : 
6  s  would  break  the  same  beam  fixed  at  each  end  and 

loaded  in  the  middle  : 
8  *  would  break  the  same  beam  supported  at  each  end 

and  uniformly  loaded  : 

12  5  would  break  the  same  beam  fixed  at  each  end  and 
uniformly  loaded 

205.  2d.  Resistance  of  t/ie  Beam, — If  a  beam  be  loaded  sc 
AS  to  produce  fracture,  this  will  take  place  about  a  centre  or 
neutral  axis,  below  which  the  fibres  will  be  torn  asunder,  and 
above  which  they  will  be  crushed.  This  may  be  very  clearly 
illustrated  by  drawing  a  number  of  parallel  lines  with  a  soft 
pencil  on  the  edge  of  a  piece  of  India  rubber,  and  bending 
it  round,  when  it  will  be  seen  that  the  lines  are  brought 
closer  together  on  the  concave,  and  stretched  further  asunder 
on  the  convex  side,  whilst,  between 
Fig*  74.  ^  £jie  ^wo  cc|geg>  a  neutral  line  may  be 
traced,  on  which  the  divisions  remain 
of  the  original  size,  which  neutral  line 
divides  the  fibres  that  are  subjected 
to  compression  from  those  in  a  state 
of  tension  (see  fig.  74). 
The  resistance  of  a  rectangular  beam  will,  therefore, 
depend,  1st,  on  the  number  of  fibres,  which  will  be  propor 
tionate  to  its  breadth  and  depth  j  2d,  on  the  distance  of 
those  fibres  from  the  neutral  axis,  and  the  consequent  lever 
age  with  which  they  act,  which  will  also  be  as  the  depth  , 
and,  lastly,  on  the  actual  strength  of  the  fibres,  which  will 
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vary  with  different  materials,  and  can  only  bo  determined 
approximately  from  actual  experiments  on  rectangular  beams 
of  the  same  material  as  those  "whose  strength  is  required  to 
be  estimated. 

The  actual  strength  of  any  rectangular  beam  will,  there 
fore,  be  directly  as  its  breadth  multiplied  by  the  square  of 
the  depth,  and  inversely  as  its  length  ;  or,  calling  s  the 
transverse  strength  of  the  material,  as  in  art.  117,  I  the 
breadth,  d  the  depth,  I  the  length  between  the  supports,  and 
W  the  breaking  weight  : 

sld* 


I 

The  following  may  be  taken  as  the  value  of  s  for  iron  and 
timber,  the  length  being  taken  in  feet,  the  breadth  and  depth 
in  inches,  and  the  breaking  weight  in  pounds. 

Constant  multiplk-r  Constant  multiplier 

for  rectangular  beams  for  rectangular  beams 

fixed  at  oiio  end  arid  looa<4y    (supported  at 

loaded  at  the  oth(jr.  the  ondn  and  loaded 

•  in  the  middle. 

Wrought  iron  512)       ,  (2048 

Cast  ditto  500  5-       X  4       -J  2000* 

Mr  and  English  oak  100  )  (   400 

It  must  be  remembered  that  the  number's  here  given 
indicate  the  breaking  weight,  not  more  than  one-third  of 
which  should  ever  be  applied  in  practice.  Timber  is  per 
manently  injured  if  more  than  even  one-fourth  of  the  break 
ing  weight  is  placed  on  it,  and,  therefore,  this  limit  should 
never  be  passed. 

A  single  example  will  suffice  to  show  the  importance  of 
the  principles  just  explained,  and  the  lamentable  results  that 
may  follow  from  ignorance  of  them.  If  we  take  a  fir  bind 
ing-joist,  say  9  in.  X  4  in.,  which  is  to  have  a  bearing  of 
12  ft.  between  its  supports,  and  place  it  edgeways,  it  will  re 
quire  to  break  it  a  weight  =  400  X  4  X  92 

-  =10,800  Ibs.  i 


*  The  above  is  an  average  value  calculated  from  a  great  number  of  publi*b«d 
expenmencs  on  different  irons. 
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but  if,  for  the  purpose  of  gaining  height,  we  place  it  flat- 


ways,  it  will  break  with  a  weight  =  -  =  4,800  Ibs  , 

12 
or  less  than  one-half. 

206.  We  may  see  from  this  example  that  the  shape  of  any 
beam  has  a  great  influence  on  its  strength  ;  and  in  making 
beams  of  iron,  which  can  be  cast  with  great  facility  in  any 
required  shape,  it  becomes  an  important  question  how  to 
obtain  the  strongest  form  of  section  with  the  least  expendi 
ture  of  metal. 

The  usual  section  given  to  cast-iron  girders  is  that  of 
a  thin  and  deep  rectangular  beam,  with  flanges  or  pro 
jections  on  each  side  at  top  and  bottom  ;  where  the 
strength  of  the  metal  will  be  most  effective,  as  being  at 
the  greatest  possible  distance  from 
the  neutral  axis  ffig.  78). 

The  great  question  now  is,  what 
should  be  the  relative  thickness  of 
the  top  and  bottom  flanges,  the 
centre  part  of  the  beam  having 
been  made  as  thin  as  is  consistent 
with  sound  casting  ? 
If  the  metal  were  incompressible,  the  top  flanges  might 
be  infinitely  thin  ;  if  incapable  of  extension,  the  bottom 
ones  might  be  indefinitely  reduced.  If  it  offered  equal 
resistance  to  tension  and  compression,  the  neutral  axis  would 
occupy  the  centre  of  the  beam,  and  the  top  and  bottom 
flanges  would  require  to  be  of  equa>  strength, 

We  are  indebted  to  Mr.  Eaton  Hodgkinson  for  the 
publication*  of  a  valuable  set  of  experiments  conducted  by 
him,  having  for  their  object  the  determination  of  the  position 
of  the  neutral  axis  in  cast-iron  beams.  The  result  of  his 

*  Experimental  Researches  on  the  Strength  and  otter  Properties  of  Cast  lro% 
Iro.  1846.    WIUUB, 
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experiments  is,  that  in  cast-iron  rectangular  beams,  the 
position  of  the  neutral  axis  at  the  time  of  fracture  is  at  about 
one-seventh  of  the  whole  depth  of  the  beam  below  its  upper 
surface.  Hence,  in  girders  with  flanges,  the  thickness  of 
the  bottom  flanges  should  be  six  times  that  of  the  uppei 
ones  ( supposing  them  to  be  of  the  same  width),  in  order  tc 
obtain  the  greatest  strength  with  the  least  metal.  Practically 
it  would  be  almost  impossible  to  cast  a  beam  thus  proportioned, 
and,  therefore,  the  top  flanges  are  made  of  the  same  thick 
ness,  or  nearly  so,  as  the  bottom  ones,  but  of  a  less  width, 
so  as  to  contain  the  same  relative  quantity  of  metal,  dis 
posed  in  a  more  convenient  form  for  casting  (fig.  75). 

The  difficulty  of  making  sound  castings  where  the  parts 
are  of  unequal  thickness  also  renders  it  necessary  to  make 
the  thickness  of  the  middle  rib  nearly  equal  to  that  of  the 
flanges. 

20 T.  To  calculate  the  strength  of  a  cast-iron  beam,  the 
sectional  area  of  whose  top  flanges  is  1-6  of  that  of  the  bottom 
ones,  we  must  find  that  of  a  rectangular  beam  of  the  same 
extreme  depth  and  width,  and  deduct  from  it  tho  resistance 
of  the  portions  omitted  between  the  top  and  bottom  flanges 
("fig.  75). 

If  we  call  the  whole  •  width  of  the  bottom  of  the  beam, 
W,  the  sum  of  the  widths  of  the  two  bottom  flanges,  w,  the 
whole  depth  of  the  beam,  D,  and  the  vertical  distance 
between  the  flanges,  d  (on  the  supposition  that  the  top 
flanges  are  of  the  same  widths  as  the  bottom  ones,  and  1-6  of 
their  thickness,  as  shown  by  the  dotted  lines  in  fig.  78),  the 
distance  between  the  supports,  /,  the  strength  of  the  material, 
s,  and  if  the  weight  required  to  break  a  beam  when  loosely 
supported  at  the  ends  and  loaded  in  the  middle  be  called  2, 

CWD2 
Then  x = 

I 
and  ft  we  take  the  length  in  feet  and  the  other  dimensions 
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in  inches,  and  call  s  =  560  Ibs.,  which  is  not  too  much  for 
the  best  Staffordshire  irons  ;  then 

WD2  —  wd* 

i  s  =  2,240  Ibs.  =  1  ton  ;    and  therefore =r 

I 

breaking  weight  in  tons. 

The  value  of  d  in  this  rule  will  be  D  — 1-6  of  the  thickness 
of  the  bottom  flanges,  and  so  long  as  the  sectional  area  of 
the  top  flanges  is  more  than  1-6  of  that  of  the  bottom  ones*, 
the  rule  may  be  applied  to  girders  of  variously  proportioned 
flanges,  as  the  additional  strength  gained  by  increasing  the 
size  of  the  top  flanges  beyond  the  proportion  here  named  is 
very  small  in  proportion  to  the  metal  used,  and,  in  neglecting 
to  take  it  into  account,  we  are  sure  to  err  on  the  safe  side. 

208.  It  must  not  be  supposed,  that  because  increasing  the 
thickness  of  the  top  flanges  does  not  materially  increase  the 
resistance  to  vertical  pressure,  it  is  on  that  account  useless  : 
on  the  contrary,  where  a  beam  is  of  considerable  depth  in 
proportion  to  the  widths  of  the  bottom  flanges,  it  will  often 
be  desirable  to  make  the  top  flanges  more  than  1-6  of  the 
bottom  ones,  in  order  to  prevent  the  girder  from  twisting 
laterally,  and  to  increase  the  resistance  to  any  side  thrust  to 
which  it  may  be  exposed  from  brick  arches  or  otherwise. 

209.  In  practice,  it  is  not  desirable  to  load  iron  girders 
beyond  J  of  their  ultimate  strength,  and  they  should  be 
proved  before  use  by  loading  them  to  this  extent  or  a  little 
more,  but  care  should  be  taken  never  to  let  the  proof  exceed 
|  ine  breaking  weight,  as  a  greater  load  than  this  strains 
and  distresses  the  metal,  making  it  permanently  weaker.  The 
ultimate  strength  of  a  girder  of  the  usual  proportions  may 
be  approximately  ascertained  from  its  deflexion  under  proof 

*  It  must  be  remembered  that  in  making  the  top  flanges  narrower  than  tb« 
bottom  ones  for  convenience  of  casting,  as  the  bulk  of  the  metal  is  brought  nearer 
to  tb,e  neutral  axis  by  so  doing,  the  sectional  area  of  the  top  flanges  must  be  rather 
more  than  1-6  of  that  of  the  bottom  ones,  in  order  to  keep  the  position  <»f  the  neutral 
axis  the  same  as  in  a  rectangular  beam. 
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on  the  assumption  that  a  load  equal  to  half  the  breaking 
weight  will  cause  a  deflection  of  l-480th  of  its  length. 

210.  Trussed  Timber  Beams. — Timbers  exposed  to  severe 
strain  require  to  be  trussed  with  iron,  and  this  may  be  done 
in  two  ways  :  1st,  by  inserting  cast-iron  struts,  as  in  fig.  76, 
thus  placing  the  whole,  or  nearly  the  whole,  of  the  wood- 

Fig.  76. 


work  in  a  state  of  tension  ;  2d,  by  wrought-iron  tension 
rods,  as  in  fig.  77,  which  take  the  whole  of  the  tension, 

Fig.  77. 


BF=::S::;:S: 
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whilst  the  timber  is  thrown  entirely  into  compression.  The 
latter  mode  of  trussing  is  now  very  extensively  used  in 
strengthening  the  carnages  of  traveling  cranes  and  for 
similar  purposes  ;  and,  by  its  use,  a  balk  of  timber  which 
will  barely  support  its  own  weight  safely  without  assistance, 
may  be  made -to  carry  a  load  of  many  tons  without  sensible 
deflection. 

STRENGTH   OF   STORY-POSTS  AND   OAST-IRON  PILLARS. 

211.  When  a  piece  of  timber,  whose  length  is  not  less 
than  8  or  10  times  its  diameter,  is  compressed  in  the  direction 
of  its  length,  as  in  the  case  of  a  wooden  story-post  support 
ing  a  bressummer,  it  will  give  way  if  loaded  beyond  a  certain 
point,  not  by  crushing,  but  by  bending,  and  will  ultimately 
be  destroyed  by  the  cross-strain,  just  as  a  horizontal  beam 
would  be  by  vertical  pressure  applied  at  right  angles  to  the 
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fibres.  The  rules  for  determining  the  dimensions  of  a  piece 
of  timber  to  support  a  given  weight  without  sensible  flexure 
are  very  complicated,  and  are  of  little  practical  value,  as 
they  depend  upon  the  condition  that  the  pressure  is  exactly 
in  the  direction  of  the  axis  of  the  post — a  condition  rarely 
fulfilled  in  practice. 

212.  "Wooden  story-posts  have  been  to  a  great  extent 
superseded  by  the  use  of  cast-iron  pillars,  which  possess  great 
strength  with  a  small  sectional  area,  and  are  on  that  account 
particularly  well  adapted  to  situations  where  it  is  of  con 
sequence  to  avoid  obstructing  light,  as  in  shop-fronts. 

In  determining  the  design  of  a  cast-iron  pillar,  whose 
length  is  20  or  30  times  its  diameter,  two  points  have  to  be 
considered  :  1st,  the  liability  to  flexure  ;  2d,  the  risk  of  the 
ends  being  crushed  by  the  load  not  acting  in  the  direction 
of  the  axis  of  the  pillar. 

The    resistance  to   flexure  is  greatly 
Fig.  78.        increased  by  enlarging  the  bearing  surface 

A  at  the  ends  of  the  pillar,  as  in  fig.  18, 
which,  on  the  other  hand,  increases  the 
liability  of  the  ends  to  fracture,  in  the 
event  of  the  load  being  thrown  on  the  side  instead  of  on  the 
centre  of  the  column,  by  any  irregular  settlement  of  the 
building.  The  judicious  architect  will,  therefore  take  a 
mean  course,  swelling  out  the  capitals  and  bases  of  his  cast- 
iron  pillars  enough  to  prevent  their  shafts  from  bending,  but 
at  the  same  time  avoiding  any  thin  flanges  or  projections, 
which  might  be  liable  to  be  broken.  No  theoretical  rule  for 
determining  the  proportions  of  a  cast-iron  pillar  depending 
on  the  weight  to  be  supported  can  be  depended  on  in 
practice.  The  real  measure  of  the  strength  of  a  cast-iron 
story  post  must  be  the  power  of  resisting  any  lateral  force 
which  may  be  brought  against  it ;  and  as  a  slight  side  blow 
will  suffice  to  fracture  a  pillar  which  is  capable  of  supporting 
a  vertical  pressure  of  very  many  tons,  we  have  only  to  make 
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sure  of  the  lateral  strength,  and  we  are  quite  certain  to  be 
on  the  safe  side  as  regards  any  vertical  pressure  which  it  may 
have  to  sustain. 

213.  Besides  the  above  cases  of  transverse  strain,  there 
are  others  arising  from  irregular  settlements,  which  are 
amongst  the  greatest  difficulties  with  which  the  builder  has 
to  contend.  Thus,  to  take  a  familiar  instance,  the  window 
sills  of  a  dwelling-house  are  often  broken  by  the  settlement 
of  the  brick-work  being  greater  in  the  piers  than  under  the 
sills,  from  the  greater  pressure  on  the  mortar  joints  ;  and 
this  will  take  place  with  a  difference  of  settlement  which  can 
scarcely  be  detected,  even  by  careful  measurement*.  We 
need  not  here  enlarge  on  this  subject,  as  we  have  several 
times  in  the  preceding  pages  had  occasion  to  notice  both  the 
causes  of  irregular  settlement,  and  the  pr\, caution^  to  be 
taken  for  its  prevention. 

The  strength  of  materials  to  resist  torsion  or  twisting,  as 
in  the  case  of  a  driving  shaft,  is  an  important  consideration 
in  the  construction  of  machinery,  but  is  of  little  consequence 
in  the  erection  of  buildings,,  and  therefore  need  not  be  noticed 
in  these  pages. 

*  The  reader  need  scarcely  be  told  that  a  cartful  builder  will  always  defer pfaning 
qp  hia  sills  until  some  time  has  been  allowed  for  the  settlement  of  the  bnc-k-work 
but  thia  will  not  always  prevent  ultimate  fracture. 
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SECTION  IT. 
USE    OF    MATERIALS. 

EXCAVATOR. 

214.  The  digging  required  for  the  foundations  of  common 
buildings  usually  forms  part  of  the  business  of  the  brick 
layer,  and  is  paid  for  at  per  cubic  yard,  according  to  the 
depth  of  the  excavation,  and  the  distance  to  which  the  earth 
has  to  be  wheeled  ;  this  being  estimated  by  the  run  of  20 
yards. 

In  large  works,  which  require  coffer-dams  and  pumping 
apparatus  to  be  put  down  before  the  ground  can  be  got  out 
for  the  foundations,  the  work  assumes  a  different  character, 
and  is  paid  for  accordingly  ;  the  actual  excavation  being  only 
a  small  item  of  the  total  cost  compared  with  those  of 
dredging,  piling,  puddling,  shoring,  pumping,  &c. 

The  workmen  required  for  the  construction  of  coffer-dams 
and  similar  works  are  laborers  of  a  superior  class,  accustomed 
to  the  management  of  pile-engines  and  tackle,  and  competent 
to  the  execution  of  such  rough  carpenter's  work  as  is  required 
m  timbering  large  excavations. 

BRICKLAYER. 

215.  The  business  of  a  bricklayer  consists  in  the  execution 
of  all  kinds  of  work  in  which  brick  is  the  principal  material ; 
and  in  London  it  always  includes  tiling  and  paving  with 
bricks  or  tiles.     Where  undressed  stone  is  much  used  as  a 
building  material,  the  bricklayer  executes  this  kind  of  work 
also,  and  in  the  country,  the  business  of  the  plasterer  is 
often  united  with  the  above  named  branches. 
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216.  The  tools  of  the  bricklayer  are  the  trowel,  to  take 
up  and  spread  the  mortar,  and  to  cut  bricks  to  the  requiste 
length  :  the  brick  axe,  for  shaping  bricks  to  any  required 
bevel ;  the  tin  saw,  for  making  incisions  in 'bricks  to  be  cut 
with  the  axe,  and  a  rubbing-stone,  on  which  to  rub  the  bricks 
smooth  after  being  roughly  axed  into  shape.     The  jointer  and 
the  jointing-rule  are  used  for  running  the  centres  of  the 
mortar-joints.     The  raker,  for  raking  out  the  mortar  from  the 
joints  of  old  brick-work  previous  to  re-pointing.      The 
hammer,  for  cutting  chases  and  splays.     The  banker  is  a  piece 
of  timber  about  6  feet  long,  raised  on  supports  t,o  a  con 
venient  height  to  form  a  table  on  which  to  cut  the  bricks  to 
any  required  gauge,  for  which  moulds  and  bevels  are  required. 
The  crowbar,  pick-axe,  and  shovel  are  used  in  digging  out  the 
foundations,  and  the  rammer  in  punning  the  ground  round 
the  footings,  and  in  rendering  the  foundation  firm  where  it  is 
soft  by  beating  or  ramming. 

To  set  out  the  work  and  to  keep  it  true,  the  bricklayer 
uses  the  square,  the  level,  and  the  plumb-rule  ;  for  circular  or 
battering  work  he  uses  tempkts  and  battering-rules  ;  lines  and 
pins  are  used  to  lay  the  courses  by  j  and  measuring-rods  to 
take  dimensions.  When  brick-work  has  to  be  carried  up  in 
conjunction  with  stone-work,  the  height  of  each  course  must 
be  marked  on  a  gauge-rod,  that  the  joints  of  each  may 
coincide. 

217.  The  bricklayer  is  supplied  with  bricks  and  mortar 
by  a  laborer,  who  carries  them  in  a  hod.    The  laborer  also 
makes  the  mortar,  and  builds  and  strikes  the  scaffolding. 

218.  The  bricklayer's  scaffold  is  constructed  with  stand 
ards,  ledgers,  and  putlogs.    The    standards  are   poles,  from 
40  to  50  ft.  long,  and  6  or  7  in.  diameter  at  the  butt  ends, 
which  are  fimly  b»$  Ided  in  the  ground.     When  one  pole  is 
not  sufficently  long,  two  are  lashed  together,  top  and  butt, 
fche  lashings  being  tightened  with  wedges.    The  ledgers  are 
horizontal  poles  placed  parallel  to  the  walls,  and  lashed  to 
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the  standarus  for  the  support  of  the  putlogs.  The  putlogs 
are  cross  pieces,  usually  made  of  birch,  and  about  6  ft.  long, 
one  end  resting  in  the  wall,  the  other  on  a  ledger.  On  the 
putlogs  are  placed  the  scaffold  boards,  which  are  stout  boards 
hooped  at  the  ends  to  prevent  them  from  splitting. 

A  bricklayer  and  his  laborer  will  lay  in  a  single  day  about 
1000  bricks,  or  about  two  cubic  yards. 

The  tools  required  for  tiling  are — the  lathing-hammer,  with 
two  gauge  marks  on  it,  one  at  "7,  and  the  other  at  TJ  inches  ; 
the  iron  lathing  staff,  to  clinch  the  nails  ;  the  trowd,  which  is 
longer  and  narrower  than  that  used  for  brick-work  ;  the 
bom,  for  holding  mortar  and  tiles,  with  an  iron  hook  to  hang 
it  to  the  laths  or  to  a  ladder  ;  and  the  striker,  a  piece  of  lath 
about  10  in.  long,  for  clearing  off  the  superfluous  mortar  at 
the  feet  of  the  tiles. 

219.  Brick-work  is  measured  and  valued  by  the  rod,  or 
by  the  cubic  yard,  the  price  including  the  erection  and  use 
of  scaffolding,  but  not  centering  to  arches,  which  is  an  extra 
charge. 

Bricknogging,  pavings,  and  facings,  by  the  superficial 
yard. 

Digging  and  steining  of  wells  and  cesspools  by  the  foot  in 
depth,  according  to  size,  the  price  increasing  with  the  depth. 

Plain  tiling  and  pantiling  are  valued  per  square  of  100 
feet  superficial. 

MASON". 

220.  The  business  of  the  mason  consists  in  working  the 
stones  to  be  used  in  a  building  to  their  required  shape,  and 
in  setting  them  in  their  places  in  the  work.     Connected  with 
the  trade  of  the  mason  are  those  of  the  Stonecutter,  who  ?wws 
and  cuts  large  stones  roughly  into  shape  preparatory  to  their 
being  worked  by  the  mason,  and  of  the  Camw,  who  executes 
the  ornamental  portions  of  the  stone-work  of  a  building,  as 
enriched  cornices,  capitals,  <fec. 

33 
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221.  Where  the  value  of  stone  is  considerable,  it  is  sent 
from  the  quarry  to  the  building  in  large  blocks,  and  cut  into 
slabs  and  scantlings  of  the  required  size  with  a  stone-mason's 
saw,  which  differs  from  that  used  in  any  other  trade  in  hav 
ing  no  teeth.     It  is  a  long  thin  plate  of  steel,  slightly  jagged 
on  the  bottom  edge,  and  fixed  in  a  frame  ;  and,  being  drawn 
backwards  and  forwards  in  a  horizontal  position,  cuts  the 
stone  by  its  own  weight.     To  facilitate  the  operation,  a 
heap  of  sharp  sand  is  placed  on  an  inclined  plane  over  the 
stone,  and  water  allowed  to  trickle  through  it,  so  as  to  wash 
the  sand  into  the  saw-cut.     Of  late  years  machinery  worked 
by  steam-power  has  been  used  for  sawing  marble  into  slabs 
to  a  very  great  extent,  and  has  almost  entirely  superseded 
manual  labor  in  this  part  of  the  manufacture  of  chimney- 
pieces. 

Some  freestones  are  so  soft  as  to  be  easily  cut  with  a 
toothed  saw  worked  backwards  and  forwards  by  two  per 
sons. 

The  harder  kinds  of  stones,  as  granites  and  gritstones,  are 
brought  roughly  into  shape  at  the  quarry,  with  an  axe  or  a 
scappling  hammer,  and  are  then  said  to  be  $ca$pkd. 

222.  The  tools  used  by  the  mason  for  cutting  stone  con 
sist  of  the  mallet  and  chisels  of  various  sizes.    The  mason's 
mallet  differs  from  that  used  by  any  other  artisan,  being 
similar  to  a  dome  in  contour,  excepting  a  portion  of  the 
broadest  part,  which  is  rather  cylindrical  ;  the  handle  is 
short,  being  only  sufficiently  long  to  enable  it  to  be  firmly 
grasped. 

In  London  the  tools  used  to  work  the  faces  of  stone  are 
thereto,  which  is.  the  smallest  description  of  chisel,  being 
never  more  than  a  quarter  of  an  inch  broad  on  the  cutting 
edge  ;  the  inch  tool;  the  boaster,  which  is  2  in.  wide  ;  and 
the  broad  tool,  of  which  the  cutting  edge  is  3  J  in.  wide.  The 
tools  used  in  working  mouldings  and  in  carving  are  of  vari 
ous  sizes,  according  to  the  nature  of  the  work. 

Besides  the  above  cutting  tools    the   mason  uses  the 
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tanker  or  bench,  on  which  he  places  his  stone  for  conveni 
ence  of  working,  and  straight  edges,  squares,  bevels,  and  tem 
plets,  for  marking  the  shapes  of  the  blocks,  and  for  trying 
the  surfaces  as  the  work  proceeds.  Any  angle  greater  or 
less  than  a  right  angle  is  called  a  bevel  angle,  and  a  levd 
is  formed  by  nailing  two  straight  edges  together  at  the 
required  angle  ;  a  level  square  is  a  square  with  a  shifting 
stock  which  can  be  set  to  any  required  bevel.  A  templet  is 
a  pattern  for  cutting  a  block  to  any  particular  shape  ;  when 
the  work  is  moulded,  the  templet  is  called  a  mould.  Moulds 
are  commonly  made  of  sheet  zinc,  carefully  cut  to  the  profile 
of  the  mouldings  with  shears  and  files. 

For  setting  his  work  in  place  the  mason  uses  the  trowel, 
lines,  and  pins,  the  square  and  level,  and  plumb,  and  battering 
rules,  for  adjusting  the  faces  of  upright  and  battering  walls. 

223.  The  mason's  scaffold  is  double,  that  is,  formed  with 
two  rows  of  standards,  so  as  to  be  totally  independent  of  the 
walls  for  support,  as  putlog  holes  are  inadmissible  in 
masonry. 

During  the  last  ten  years  the  construction  of  scaffolds 
with  round  poles  lashed  with  cords  has  been  entirely  super 
seded  in  large  works  by  a  system  of  scaffolding  of  square 
timbers  connected  by  bolts  and  dog  irons. 

The  hoisting  of  the  materials  is  performed  from  these 
scaffolds  by  means  of  a  traveling  crane,  which  consists  of  a 
double  traveling  carriage  running  on  a  tramway  formed  on 
stout  sills  laid  on  the  top  of  two  parallel  rows  of  standards. 
The  crab-winch  is  placed  on  the  upper  carriage,  and,  by 
means  of  the  double  motion  of  the  two  carriages,  can  be 
brought  with  great  ease  and  precision  over  any  part  of  the 
work  lying  between  the  two  rows  of  standards. 

The  facilities  which  are  afforded  by  these  scaffolds  and 
traveling  cranes  for  moving  heavy  weights  over  large  areas, 
have  led  to  their  extensive  adoption,  not  only  in  the  erection 
of  buildings,  but  on  landing  wharfs,  masons  and  ironfound 
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ers>  yards,  and  similar  situations,  where  a  great  saving  of 
time  and  labor  is  effected  by  their  use. 

224.  The  movable  derrick  crane  is  also  much  used  in 
setting  mason's  work.     It  consists  of  a  vertical  post  sup 
ported  by  two  timber  backstays,  and  a  long  movable  jib  or 
derrick  hinged  against  the  post  below  the  gearing. 

By  means  of  a  chain  passed  from  a  barrel  over  a  pully  at 
the  top  of  the  post,  the  derrick  can  be  raised  almost  to  a 
vertical,  or  lowered  to  an  almost  horizontal  position,  thus 
enabling  it  to  command  every  part  of  the  area  of  a  circle  of 
a  radius  nearly  equal  to  the  length  of  the  derrick.  This  gives 
it  a  great  advantage  over  the  old  gibbet  crane,  which  only 
commands  a  circle  of  a  fixed  radius,  and  the  use  of  which 
entails  great  loss  of  time  from  its  constantly  requiring  to  be 
shifted  as  the  work  proceeds. 

225.  In  hoisting  blocks  of  stone  they  are  attached  to  the 
tackle  by  means  of  a  simple  contrivance  called  a  lewis,  which 
is  shown  in  fig.  79. 

A  tapering  hole  having  been  cut  in  the  upper  surface  of 
the  stone  to  be  raised,  the  two  side  pieces  of  the  lewis  are 
inserted  and  placed  against  the  sides  of  the  hole  ;  the  centre 
parallel  piece  a  is  then  inserted  and  secured 
Fig.  79.         jn  fts  place  by  a  pin  passing  through  all 
three  pieces,  and  the  stone  may  then  be 
safely  hoisted,  as  it  is  impossible  for  the 
lewis  to  draw  out  of  the  hole.     By  means 
of  the  lewis,  in  a  slightly  altered  form  from 
that  here  shown,  stones  can  be  lowered  and 
i  under  water  without  difficulty,  the  lewis 
being  disengaged  by  means  of  a  line  attach 
ed  to  the  parallel  piece ;  the  removal  of  which  allows  the 
others  to  be  drawn  out  of  the  mortice. 

226.  In  stone-cutting,  the  workman  forms  as  many  plane 
Saces  as  may  be  necessary  for  bringing  the  stone  into  the 
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Fig.  80. 


required  shape,  with  the  least  waste  of  material  and  labor, 
and  on  the  plane  surfaces  so  formed  applies  the  moulds  to 
which  the  stone  is  to  be  worked 

To  form  a  plane  surface,  the  mason  first  knocks  off  the 
superfluous  stone  along  one  edge  of  the  block,  as  a,  I  ( fig. 

80),  until  it  coincides  with  a 
straight  edge  throughout  its 
whole  length  ;  this  is  called 
a  chisel  draught.  Another 
chisel  draught  is  then  made 
along  one  of  the  adjacent 
edges  as  &,  c,  and  the  ends  of 
the  two  are  connected  by  ano 
ther  draught,  as  a  c;  a  fourth  draught  is  then  sunk  across 
the  lait,  as  I,  d,  which  gives  another  angle  point  d,  in  the 
same  plane  with  a  b,  and  c,  by  which  the  draughts  d  a  and 
a  c  can  be  formed  ;  and  the  stone  is  then  knocked  off  be 
tween  the  outside  draughts  until  a  straight  edge  coincides 
with  the  surface  in  every  part. 

To  form  cylindrical  or  moulded  surfaces  curved  in  one 
direction  only,  the  workman  sinks  two  parallel  draughts  at 
the  opposite  end  of  the  stone  to 
be  worked,  until  they  coincide 
with  a  mould  cut  to  the  required 
shape,  and  afterwards  works  off 
the  stone  between  these  draughts, 
by  a  straight  edge  applied  at 
right  angles  to  them  (fig.  81). 

The  formation  of  conical  or 
spherical  surfaces  is  much  less  simple,  and  require  a  know 
ledge  of  the  scientific  operations  of  stone-cutting,  a  description 
of  which  would  be  rfnsuited  to  the  elemetary  character  of 
tfiese  pages. 

22 1.  The  finely-grained  stones  are  usually  brought  to  a 
smooth  face,  and  rubbed  with  sand  to  produce  a  perfectly 
"Ten  surface. 


Fig.  81. 
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In  working  soft  stones,  the  surface  is  brought  to  a  smooth 
face  with  the  drag,  wnich  is  a  plate  of  steel,  indented  on  the 
edge  like  the  teeth  of  a  saw,  to  take  off  the  marks  of  the 
tools  employed  in  shaping  it. 

The  harder  and  more  coarsely  grained  stones  are  generally 
tooled,  that  is,  the  marks  of  the  chisel  are  left  on  their  face. 
If  the  furrows  left  by  the  chisel  are  disposed  in  regular 
order,  the  work  is  said  to  be  fair-tooled,  but  if  otherwise,  it 
may  be  random-tooled  or  chiseled  or  boasted  or  pointed.  If 
the  stones  project  beyond  the  joints,  the  work  is  said  to  be 
rusticated. 

Granite  and  gritstone  are  chiefly  worked  with  the  scap 
pling  hammer.  In  massive  erections,  where  the  stones  are 
large,  and  a  bold  effect  is  required,  the  fronts  of  the  blocks 
are  left  quite  rough,  as  they  come  out  of  the  quarry,  and  the 
work  is  then  said  to  be  quarry  pitched. 

Many  technical  terms  are  used  by  quarrymen  and  others 
engaged  in  working  stone  ;  but  they  need  not  be  inserted 
here,  as  they  are  mostly  confined  to  particular  localities  oe- 
yond  which  they  are  little  known,  or  perhaps  bear  a  different 
signification. 

228.  When  the  mason  requires  to  give  to  the  joints  of 
his  work  greater  security  than  is  afforded  by  the  weight  or 
the  stone  and  the  adhesion  of  the  mortar,  he  makes  use  of 
joggles,  dowels,  and  cramps. 

Stones  are  said  to  be  joggled  together  when  a  projection 

is  worked  out  on  one  stone  to  fit  into  a  corresponding  hole 

or  groove  in  the  other  (see  fig.  82)      But  tM* 

Fig.  82.      occasions  great  labor  and  waste  of  stone,  and 

S         dowel-joggles  are  chiefly  made  use  of,  which  are 

hard  pieces  of  stone,  cut  to  the  required  size, 

and  let  into  corresponding  mortices  in  the  two  stones  to  be 

joined  together. 

Dowels  are  pins  of  wood  or  metal  used  to  secure  the 
Joints  of  stone-work  in  exposed  situations,  as  copings,  pin- 
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nacles,  &c.  The  best  material  Is  copper  ;  but  the  expense 
of  this  metal  causes  it  to  be  seldom  used.  If  iron  be  made 
use  of,  it  should  be  thoroughly  thinned  to  prevent  oxidation, 
or  it  will,  sooner  or  later,  burst  and  split  the  work  it  is  in 
tended  to  protect. 

Dowels  are  often  secured  in  their  places  with  lead  poured  in 
from  above,  through  a  small  channel  cut  in  the  side  of  the 
joint  for  that  purpose  ;  but  a  good  workman  will  eschew 
lead,  which  too  often  finds  his  way  into  bad  work,  and  will 
prefer  trusting  to  very  close  and  workmanlike  joints,  care 
fully  fitted  dowels,  and  fine  mortar  ;  dowels  should  be  made 
tapering  at  one  end,  which  ensures  a  better  fit,  and  renders 
the  setting  of  the  stone  more  easy  for  the  workman. 

Iron  cramps  are  used  as  fastenings  on  the  tops  of  copings, 
and  in  similar  situations  ;  but  they  are  not  to  be  recom 
mended,  as  they  are,  very  unsightly,  and,  if  they  once  become 
exposed  to  the  action  of  the  atmosphere,  are  powerfully  de 
structive  agents.  Cast  iron  is,  however,  less  objectionable 
than  wrought  iron  for  this  purpose. 

229  In  measuring  mason's  work,  the  cubic  content  of  the 
stone  is  taken  as  it  comes  to  the  bankerj  without  deduction 
for  subsequent  waste. 

If  the  scantlings  are  large,  an  extra  price  is  allowed  for 
hoisting. 

The  labor  in  working  the  stone  is  charged  by  the  super 
ficial  foot,  according  to  the  kind  of  work,  as  plain  work,  sunk 
work,  moulded  work,  &c 

Pavings  landings,  &c.,  and  all  stones  less  than  three  m. 
thick,  are  charged  by  the  superficial  foot. 

Copings,  curbs,  window  sills,  &c.,  are  charged  per  lineal 
foot. 

Cramps,  dowels,  mortice  holes,  &c.,  are  always  charged 
separately. 

The  remuneration  of  a  stone-carver  is  dependent  on  hia 
talent,  aM  the  kind  of  work  he  is  engaged  upon. 
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CARPENTER. 

230  The  business  of  the  carpenter  consists  in  framing 
timbers  together,  for  the  construction  of  roofs,  partitions, 
floors,  &e. 

281.  The  capenter?s  principal  tools  are  the  axe,  the  adze, 
the  saw,  and  the  chisel,  to  which  may  be  added  the  chalk, 
line,  plumb-rule,  level,  and  square.  The  work  of  the  carpen 
ter  does  not  require  the  use  of  the  plane,  which  is  one  of 
the  principal  tools  of  the  joiner,  and  this  forms  the  principal 
distinction  between  these  trades,  the  carpenter  being  engaged 
in  the  rough  frame-work,  and  the  joiner  on  the  finishings  and 
decorations  of  buildings. 

232.  The  principles  of  framing  have  been  already  fully 
described  in  the  1st  section  of  this  work,  and  we  shall,  theie- 
fore,  confine  our  remarks  on  the  operations  of  the  carpenter 
to  a  description  of  the  principal  joints  made  use  of  in  framing. 

Timbers  that  have  to  be  joined  in  the  direction  of  their 
length,  are  scarfed,  as  shown  in  fig.  83  ;  the  double  wedges. 
a,  a,  serve  to  bring  the  timbers  home,  when  they  are  secured, 

Rg-  83. 


either  by  bolts,  as  shown  at  1 1  or  by  straps,  as  at  c  c,  the 
latter  being  the  most  perfect  and  the  most  expensive  fas 
tening. 

Pig.  84  shows  the  manner  of  connecting  the  foot  of 
principal  rafter  with  a  tie-beam.    The  bolt  here  shown  keeps 
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Fig.  84 


85. 


the  rafter  In  its  place,  and  prevents  It  from  slipping  away 
from  the  abutment  cut  for  it,  which,  by  throwing  the  thrust 
on  the  tenon,  would  probably  split 
it.  The  end  of  the  rafter  should 
be  cut  with  a  square  butt,  so 
that  the  shrinkage  of  the  tim 
ber  will  not  lead  to  any  settle 
ment. 

The  connection  of  the  foot  of 
a  king-post  with  the  tie-beam  to 
be  suspended  from  It  Is  shown  in 
fig.  85. 


1 


> r~ 

The  king-post  should  be  cut  somewhat  short,  to  give  the 
power  of  screwing  up  the  framing  after  the  timber  has  be 
come  fully  seasoned  The  tie-beam  may  be  suspended  from 
the  king-post,  either  by  a  bolt,  as  shown,  or  by  a  strap  passed 
round  the  tie-beam  and  secured  by  iron  wedges  or  cotters, 
passing  through  a  hole  In  the  king-post ;  this  last  is  the 
more  perfect,  but  at  the  same  time  the  more  expensive  of  the 
two  methods. 

Fig.  85  also  shows  the  manner  in  which  the  feet  of  the 
struts  butt  upon  the  king-post.  They  are  slightly  tenoned 
to  keep  them  In  their  places.  The  ends  of  a  strut  should  be 
out  off  as  nearly  square  as  possible,  otherwise,  when  the  tim 
ber  shrinks,  which  It  always  does,  more  or  less,  the  thrust  is 
thrown  upon  the  edge  only,  which  splits  or  crushes  under  the 
pressure,  and  causes  settlement. 

This  is  shown  out  by  the  dotted  lines  on  the  right-hand 
aide  of  the  cut.  The  dotted  lines  on  the  oppomte  ade  of  the 
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figure  show  a  similar  effect,  produced  by  the  shrinking  of  the 
king-post,  for  which  there  is  no  preventive  but  making  it 
of  oak,  or  some  other  hard  wood  The  same  observations 
apply  to  the  connections  of  the  principal  rafters  with  the  top 
of  the  king-post,  which  arc  managed  in  a  precisely  similar 
manner. 
In  figures  86,  81,  and  88,  are  shown  different  methods 


Fig.  86. 


J%.87. 


of  fixing  purlins,  which  are  sufficiently  explained  by  the 
figures  to  need  no  further  description, 


Fig.  88. 


IB  figures  44,  45,  46,  and  41,  arc  shown  the  modes  of 
framing  the  ends  of  binding  joists  into  girders,  and  of  con 
necting  the  ceiling  joists  with  the  binders ;  and  as  these  havo 
been  already  described  under  the  head  of  "  Floors,"  it  IH 
ttnmdeessary  here  to  say  anything  further  on  the  subject. 
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AJ  a  general  rule,  all  timbers  should  be  notched  down  to 
those  on  which  they  rest,  so  as  to  prevent  their  being  moved 
either  lengthways  or  sideways  Where  an  uptight  post  has 
to  be  fixed  between  two  horizontal  sills,  as  in  the  case  of  the 
uprights  of  a  common  framed  partition,  it  is  simply  tenoned 
into  them,  and  the  tenons  secured  with  oak  pins  driven 
through  the  cheeks  of  the  mortice. 

233.  The  carpenter  requires  considerable  bodily  strength 
for  the  handling  of  the  timbers  on  which  he  has  to  work  ; 
he  should  have  a  knowledge  of  mechanics,  that  he  may  under 
stand  the  nature  of  the  strains  and  thrusts  to  which  his  work 
is  exposed,  and  the  best  method  of  preventing  or  resisting 
them  ;  and  he  should  have  such  a  knowledge  of  working 
drawings  as  will  enable  Mm,  from  the  sketches  of  the 
architect,  to  set  out  the  hnes  for  every  description  of  center 
ing  and  framing  that  may  be  entrusted  to  him  for  execution. 

234.  In  measuring  carpenters'  work  the  tenons  are  included 
in  tne  length  of  the  timber  :  this  is  not  the  case  in  joiners7 
work,  in  which  they  are  allowed  for  in  the  price. 

The  labor  in  framing,  roofs,  partitions,  floors,  &e.,  is  either 
valued  at  per  square  of  100  superficial  feet,  and  the  timber 
charged  for  separately,  or  the  timber  is  charged  as  "  Ixed  in 
place/7  the  price  varying  according  to  the  la^or  ™  it  w 
"  cube  fir  in  bond,"  "  cube  fir  framed,"  "  cube  fir  wrougiib 
and  framed,"  &c.  For  shoring  |  of  the  value  of  the  timber 
is  allowed  fcr  use  and  waste. 


JOIKEB. 

285.  The  work  of  the  joiner  consists  in  framing  and 
joining  together  the  wooden  finishings  and  decorations  of 
buildings,  both  internal  and  external,  such  as  floors,  stair 
cases,  framed-partitionSj  skirtings,  solid  door  and  window 
frames,  hollow  or  cased  window  frames,  sashes  and  shutters, 
doors,  columns  and  entablatures,  dmmey-pieees,  &c.f  &c. 
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The  joiner's  work  requires  much  greater  accuracy  and 
finish  than  that  of  the  carpenter,  and  (litters  materially  from 
it  in  being  brought  to  a  smooth  surface  with  tho  plane 
wherever  exposed  to  view,  whilst  in  carpenters'  work  the 
timber  is  left  rough  as  it  comes  from  tho  saw.  * 

236.  The  joiner  uses  a  great  variety  of  tools  ;  tho  principal 
cutting  tools  are  saws,  planes,  and  cMsds. 

Of  saws  there  are  many  variotioH,  distinguished  from  each 
other  by  their  shape  and  by  the  wisso  of  the  tooth. 

The  ripper  has  8  tooth  in  8  inches  ;  tho  half-ripper  tt  tooth 
to  the  inch  ;  the  hu/nd  mw  15  teeth  in  4  inches  ;  tho  pawl 
saw  6  teeth  to  the  inch, 

The  twwn  saw,  used  for  cutting  tenons,  luus  about  8  tooth 
to  the  inch,  and  is  strengthened  at  tho  back  by  a  thick  pioce 
of  iron,  to  keep  tho  blade,  from  buckling,  Tho  ,W,Y//,  saw  is 
similar  to  tho  tenon  saw,  but  is  backed  with  brass  instead  of 
iron,  and  has  IS  tooth  to  the  inch,  The  dovetail  saw  is  still 
smaller,  and  lias  15  teeth  to  tho  inch. 

Besides  the  above,  other  saws  are  used  for  particular  pur 
poses,  as  the  compass  saw,  fdr  cutting  circular  work,  and  the 
fay-Aoto«M0,for  cutting  out  small  holes*  Tho  mmim  mw  IB 
a  large  kind  of  dovetail  saw,  having  about  1  1  tooth  to  an 


281  Planes  are  also  of  many  kinds  5  those  called 
planes—  as  the  jackplam,  the  frying  plam,  tho  fang  pkm,  tho 
jointer  ',  and  the  moot/fang  plane,  are  used  for  bringing  tho 
stuff  to  a  plane  surface.  The  jack  plane  is  about  18  inehos 
long,  tod  is  used  for  the  roughest  work,  Tho  trying  piano 
is  about  22  in,  long,  and  used  after  the  jack  piano  for  trying 
upi  that  is,  taking  off  shavings  tho  whole  length  of  tho  stuff  ; 
whilst  in  using  the  jack  plane  the  workman  stops  at  every 
arm's-length,  The  long  plme  is  2  ft.  8  in,  long,  and  is  unod 
when  a  piece  of  stuff  is  to  be  tried  up  very  straight.  The 
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2  ft  6  in  long,  and  is  used  for  trying  up  or  shooting 
the  points,  in  the  same  way  as  the  trying  plane  is  used  for 
trying  up  the  face  of  the  stuff.  The  smoothing  plane  is  small, 
being  only  1J  in.  long,  and  is  used  on  almost  all  occasions 
for  cleaning  off  finished  work. 

Rebate  planes  are  used  for  sinking  rebates  (see  fig.  89), 
and  vary  in  their  size  and  shape  according  to  their  respective 
uses.  Rebate  planes  differ  from  bench  planes 
Fig.  89.         |n  haying  no  handle  rising  out  of  the  stock, 
and  in  discharging  their  shavings  at  the  side 
Amongst  the  rebate  planes  may  be  mentioned 
the  moving  fillister  and  the  sash  fillister •,  the 
uses  of  which  will  be  better  understood  by 
inspection  than  from  any  description. 

Moulding  planes  are  used  for  stwfdng  mouldings,  as  the 
operation  of  forming  mouldings  with  the  plane  is  called. 
When  mouldings  are  worked  out  with  chisels  instead  of  with 
planes,  they  are  said  to  be  worked  "by  hand.  Of  the  class 
of  moulding  planes,  although  kept  separate  in  the  tool  chest, 
are  hollows  and  rounds  of  various  sizes. 

There  are  other  kinds  of  planes  besides  the  above  ;  as  the 
plough,  for  sinking  a  groove  to  receive  a  projecting  tongue  ; 
the  bead  plane,  for  sticking  beads  ;  the  snipe  Mlt  for  forming 
quirks  ;  the  compass  pkt/w  and  the  forkstaff  plane,  for  forming 
concave  and  convex  cylindrical  surfaces.  The  shape  and  use 
of  these  and  many  other  tools  used  by  the  joiner  will  be 
better  understood  by  a  visit  to  the  joiner's  shop  than  by  any 
verbal  description. 

238.  Chisels  are  also  varied  in  their  form  and  use.  Some 
are  used  merely  with  the  pressure  of  the  hand,  as  the  paring 
cMsd;  others,  by  the  aid  of  the  mallet,  as  the  socket  chisel*^ 
for  cutting  away  superfluous  stuff ;  and  the  mortice  dnsd,  for 
cutting  mortices.  The  gouge  is  a  curved  chisel 

*  Named  from  the  iron  forming  a  socket  t«  receive  a  wooden  haxuUft 
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jafastr  IB  2  ft,  0  in.  long,  and  IH  used  lor  trying  up  or  shwtwig 
tho  JMW/.V,  in  the  name  way  an  the  trying  piano  Is  \\m\  for 
trying  up  the/iw,  of  tho  Htuff,  The  moot/iMff  phw,  i«  small, 
being  only  1J  in,  long,  and  in  uNed  on  almont  all  occasions 
for  cleaning  off  fin'mbed  work, 


plants  are  iiMed  for  winking  r<to(w  (^  fig.  89), 
and  vary  In  their  HMO  and  Hhapo  according  to  their  rcsptM^ivo 
UHOH.  Robatn  plaiuw  dlflbr  from  InMich  plancM 
Jp/g1.  89,        jn  living  no  hamllo  rimng  <mfc  of  Mu1  Kt,o<'k, 
and  in  diHdiarging  tluMrHhavingHut  tluiKidc. 
AinongHtthonsbatoplanoH  may  h(MU(MiUontkd 
^         ^^  mtnwntf  JJJlistftr  and  tho  >sm7/.  JitHufet\  tho 
UKCH  of  which  will  bo  foottor  umlorwiood  by 
than  from  any 


tiro  tiM(Hl  for  stiMnff  tnonldings,  an  the 
operation  of  forming  monldingH  with  tho  plane  in  called, 
When  inouhlingH  are  worked  out  with  chiseln  inHiead  of  with 
planoH,  they  nro  naid  to  bo  workcui  by  html.  Of  tho  daw 
of  moulding  pianos,  although  kept  twparato  in  tho  tool  chont, 
are  h&lltfws  and  touwk  of  varlottH  H!SSQH. 


Tlu^ro  are  other  klu<lH  of  plation  besides  tho  above  ;  an  tho 
ftwi$h)  for  ninking  a  groove  to  receive  a  projecting  tongue  ; 
the  bmd  j^itw,  for  ntielting  boadB  ;  ttto  snipe  W//»  for  forming 
qulrkw  ;  the  wmjwww  jp/^ttaud  iltofnfkxtojp  ptcm,  for  forming 
concave  iUH'l  convex  cylindrical  Hurfaoiw.  The  Hlmpo  and  \im 
of  tlu^e  and  mimy  other  took  UHod  by  the  joinw  will  bo 
bottor  understood  by  a  vtolt  to  tho  joluor't*  nhop  than  by  any 
verbal  description* 

2BH.  (JhinolH  are  aiao  varied  tnthdr  form  and  UHO.  Some 
are  UM(«1  rnoroly  with  tho  prowwure  of  tho  hand,  an  the  jw  /"kg 
ffaMj  othorn,  by  tho  aid  of  the  mallet,  tw  the  webM  chisel*, 
for  eyltltig  away  supt^rfluottH  Htuff;  and  the  mo-rtfa  «AW,foi 
f  Dfiortlcos,  Tho  tmtw  ^  tt  (*wrved  chlnol, 


*  NuewKl  fr«m  ilw  iron  tortuluK  i*  wonktvli  ti»  rwuiivt  9,  wtKnl«a  Uaudl«i 
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289.  Tho  joiner  uses  a  groat  variety  of  boring  took,  an 
the  brad-awl,  gimlet,  and  stock  and  bit.  The  last  form  but 
one  tool,  the  stock  being  the  handle,  to  the  bottom  of  which 
maybe  fitted  a  variety of  steel  bits  of  different  bora  and 
shapes,  for  boring  and  widening  out  holes  in  wood  and  metal, 
as  countersinks,  rimers,  and  taper  shell  liits. 

240.  The  screw  driver,  pincers,  hammer,  malkl,  MkJtet,  and 
adze,  are  too  well  known  to  need  description, 

The  gauge  is  uned  for  drawing  lines  OH  a  piece  of  stuff 
parallel  to  one  of  its  edges. 

The  bench  is  one  of  the  most  important  of  the  joiuor'8  im- 
plernentn.  It  is  furnished  with  a  vertical  ddeboard,  perfo 
rated  with  diagonal  ranges  of  holes,  which  receive  the 
bench  pin  on  which  to  rent  the  lower  end  of  a  piece  of  stuff 
to  be  planed,  whilst  the  upper  end  is  firmly  clamped  by  the 
bench  screw. 

The  mitn  box  is  used  for  cutting  a  piece  of  stuff  to  a  mire 

or  angle  of  45  degrees  with  one  of  its  Bides. 

The  joiner  uses  for  setting  out  and  fixing  his  work— -the 
straight  edge,  the  square,  the  bevel  or  square  with  a  shifting 
blade,  the  mitre  square,  the  level,  and  the  plumb  rule. 

In  addition  to  the  tools  and  implements  above  enumerated, 
the  execution  of  particular  kinds  of  work  require  other  arti 
cles,  as  cylinders,  templets,  cramps,  Ac,, 
J%»  9°'          the  description  of  which  would  unneces 
sarily  extend  the  limits  of  this  volume. 

The  principal  operations  of  the  joiner 
a/re  sawing,  'planing,  dovetailing,  mort  is- 
ing,  and  scribing. 

MThe  manner  of  forming  a  dmvtatt  its 
shown  in  fig  90,    The  projecting  part,  a, 
called  the  pin,  and  the  hole  to  receive  it  is  called  the 
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Folding  fiGors  are  laid  by  nailing  down  first  every  fifth 
board  rather  closer  together  thaa  the  united  widths  of  four 
boards,  and  forcing  the  intermediate  ones  Into  the  space 
left  for  them  by  jumping  over  them  ;  this  method  of  laying 
floors  is  resorted  to  when  the  stuff  is  imperfectly  seasoned 
and  is  expected  to  shrink,  but  it  should  never  be  allowed  in 
good  work. 

The  narrower  the  stuff  with  which  a  floor  is  kid  the  less 
will  the  joints  open,  on  account  of  the  shrinkage  being  dis 
tributed  over  a  greater  number  of  joints. 

The  floor  boards  may  be  nailed  at  their  edges  and  grooved 
and  tongued  or  do^elled,  if  it  be  wished  to  make  a  very 
perfect  floor.  Dowelling  is  far  superior  to  grooving  and 
tonguing,  because  the  catting  a^ay  the  stuff  to  receive  the 
tongue  greatly  weakens  the  edges  of  the  joint,  which  are 
apt  to  curl 

244.  Glue  is  an  article  of  great  importance  to  the  joiner  ; 
the  strength  of  his  work  depending  much  upon  its  adhesive 
properties. 

The  best  glue  is  made  from  the  skins  of  animals  5  that 
from  the  sinewy  or  horny  partb  being  of  inferior  quality. 
The  strength  of  the  glue  increases  with  the  age  of  the  ani 
mals  from  which  the  skins  are  taken. 

Joiners*  work  is  measured  by  the  superficial  foot,  accord 
ing  to  its  description. 

Floors  by  the  square  of  100  superficial  feet 

Handrails,  small  monldmgs,  water-tnmks,  and  arniiar 
articles,  per  lineal  foot. 

Cantilevers,  trasses,  cut-brackets,  scrolls  to  handrails,  &c., 
are  valued  per  piece. 

Irmm&ngery  is  charged  for  with  the  work  to  which  It  is 
attached  ;  the  joiner  being  allowed  20  per  cent,  profit  upon 
the  prime  cost. 

The  principal  articles  of  used  in  a  building 

consist  of  nails  and  screws,  $a$Jk  jwtlles',  bolts, 
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,  and  sash  shutter  fwniture,  besides  a  great  variety  of 
miscellaneous  articles,  which  we  have  not  space  to  enumerate 

Of  the  different  kinds  of  hinges  may  be  mentioned  hook  and 
eye  hinge?,  for  gates,  coach-house  doors,  &c  ;  butts  and  bach' 

flaps,  for  doors  aud  shutters  ;  crosss-garnets  of  H  form,  which 
are  used  for  hanging  ledged  doors,  and  other  inferior  work  ; 
|—  and  H  —  hinges,  whose  name  is  derived  from  their  shape  ; 
and  parliament  hinges. 

Besides  these  are  used  rising  bufts,  for  hanging  doors  to 
rise  over  a  carpet,  or  other  impediment  ;  projecting  butts, 

used  when  some  projection  has  to  be  cleared,  and  spring 
hinges  and  swing  centres  for  self-shntting  doors, 

The  variety  of  locks  now  manufactured  is  almost  infinite 
We  may  mention  the  stock  lock,  cased  in  wood,  for  common 
work.  Him  lods  which  have  a  metal  case  or  rim,  and  are 
attached  to  one  side  of  a  door  :  they  shonld  not  be  used 
when  a  door  has  sufficient  thickness  to  allow  of  a  mortice 
lock,  as  they  often  catch  the  dresses  of  persons  passing 
through  the  doorway.  Mortice  locks,  as  the  name  implies, 
are  those  which  are  morticed  to  the  thickness  of  a  door. 

The  handles  and  escutcheons  are  called  the  furniture  of  a 
lockj  and  are  made  of  a  great  variety  of  materials,  as  brass, 
bronze,  ebony,  ivory,  glass,  &c. 

Of  latches,  there  are  the  common  thumb  latch,  the  bow 
latch,  with  brass  knobs,  the  brass  pulpit  latch  and  the  mortice 
Mch. 

The  «zwfer  is  to  the  carpenter  and  joiner  what  the  stone 
cutter  Is  to  the  mason. 

The  pit  saw  is  a  large  two-handed  saw  fixed  In  a  frame, 
and  moved  up  and  down  In  a  vertical  direction,  by  two  men, 
called  the  top-man  and  the  pit-man;  the  first  of  whom  stands 
on  the  timber  that  is  to  be  cut,  the  other  at  the  bottom  of 
the  saw  pit.  The  timber  i&  fated  owt  with  a  chalk  line  on  its 
upper  surface,  and  the  accuracy  of  the  work  depends  mainly 
<m  the  top-man  keeping  the  saw  to  the  line,  whence  the  pro- 
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verbial  expression  top  sawer,  meaning  one  who  directs  any 
undertaking. 

In  sawing  up  ieals  and  battens  into  thicknesses  for  the 

Joiner's  use,  the  parallelism  of  the  cuts  is  of  the  utmost  im 
portance,  as  the  operation  of  taking  out  of  winding,  a  piece 

of  uneven  stuff,  causes  a  considerable  waste  of  material,  and 
much  lo^s  of  time. 

Circular  saws,  moved  by  steam-power,  are  now  much  used 
in  large  establishments,  timber  yards,  &c.,  and  effect  a  great 
saving  of  labor  over  the  use  of  the  pit  saw,  where  the  tim 
bers  to  be  cut  are  not  too  heavy  to  be  easily  handled.  Th€ 
saw  is  mounted  in  the  middle  of  a  stout  bench,  furnished 
with  guides,  by  means  of  which  the  stuff  to  be  cut  is  kept  in 
the  required  direction,  whilst  it  is  pushed  against  the  saw, 
which  is  the  whole  of  the  manual  labor  required  in  the  ope 
ration. 

SLATER. 

245.  The  business  of  the  slater  consists  chiely  in  covering 
the  roofs  of  houses  with  slates,  but  it  has  of  late  years  being 
very  zpuch  extended  by  the  general  introduction  of  sawn 
slate,  as  a  material  for  shelves,  cisterns,  baths,  chimney- 
pieces,  and  even  for  ornamental  purposes. 

We  propose  here  to  describe  only  those  operations  of  the 
slater  which  have  reference  to  the  covering  of  roofs. 

246.  Besides  the  tools  which  are  in  use  among  other  arti 
ficers,  the  slater  uses  one  peculiar  to  Ms  trade  called  the  zaxf 
which  is  a  kind  of  hatchet,  with  a  sharp  point  at  the  back. 
It  is  used  for  trimming  slates,  and  making  the  holes  by 
which  they  are  nailed  in  their  places. 

247.  Slates  are  laid  either  on  boarding  or  on  narrow  bat 
tens,  from  2  to  3  inches  wide,  the  latter  being  the  more 
common  method,  oa  account  of  its  being  less  expensive  than 
Hie  other. 

Hie  nails  used  should  be  either  copper  or  zinc;  iron  nails, 
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though  sometimes  used,  being  objectionable,  from  their  lia 
bility  to  rust. 

Every  slate  should  be  fastened  with  two  nails,  except  in 
the  most  inferior  work. 

The  upper  surface  of  a  slate  is  called  its  lack,  the  under 
surface  the  led  the  lower  edge  the  tail,  the  upper  edge  the 
ttmd.  The  part  of  each  course  of  slates  exposed  to  view  is 
called  the  margin  of  the  course,  and  the  width  of  the  margin 
Is  called  the  gauge 

The  Icmd  or  lap  is  the  distance  which  the  lower  edge  of 
any  course  overlaps  the  slates  of  the  second  course  below, 
measuring  from  the  nail-hole. 

IE  preparing  slates  for  use,  the  sides  and  bottom  edges 
are  trimmed,  and  the  nail-holes  punched  as  near  the  head  as 
can  be  done,  without  risk  of  breaking  the  slate,  and  at  a, 
uniform  distance  from  the  tail. 

The  lap  having  been  decided  on,  the  guage  will  be  equal 
to  half  the  distance  from  the  tail  to  the  nail-hole,  less  the  lap. 
Thus  a  countess  slate,  measuring  19  in  from  tail  to  nail,  if 

19  in.— 3  in. 
laid  with  a  8  in.  lap,  would  show  a  margin  of = 


8  in.  (See  figs.  99.  100.) 
Fig.  99. 


Fig.  100. 


The  battens  are  of  course  nailed  on  the  rafters  at  the 
gauge  to  which  the  slate  will  work.  If  the  slates  are  of 
different  lengths,  they  must  be  sorted  into  sizes,  and  gauged 
accordingly,  the  smallest  sizes  being  placed  nearest  the  ridge 
The  lap  should  not  be  less  than  2,  and  need  not  exceed  8  in 
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It  is  essential  to  the  soundness  as  well  as  the  appearance 
of  slaters'  work,  that  the  slates  should  all  be  of  the  same 
fridth,  and  the  edges  perfectly  true. 

The  Welsh  slates  are  considered  the  best,  and  are  of  a 
light  sky  blue  color.  The  Westmoreland  slates  are  of  a  dull 
greenish  hue. 

248.  Slaters'  work  is  measured  by  the  square  of  100  su 
perficial  feet,  allowances  being  made  for  the  trouble  of  cut 
ting  the  slates  at  the  hips,  eaves,  round  chimneys,  &c. 

Slabs  for  cisterns,  baths,  shelves,  and  other  sawn  work? 
are  charged  per  superficial  foot,  according  to  the  thickness 
of  the  slab  and  the  labor  bestowed  on  the  work. 

Rubbed  edges,  grooves,  &c.,  are  charged  per  lineal  foot. 

Table  of  Sizes  of  Roofing  Slates. 


BKScrapnoN 

Size 

Average 
gauge  in 
inches 

No.  of 

squares 
1200  Will 
cover 

Wfight 
per  1200 

in  tonb 

Xo    re 
quired 
to  cover 
one 
square 

No    of 
Bails 
required 
to  one 

square, 

Length 

Breadth 

ft     in 

ft     ra 

Doubles  .  . 

1      1 

0    6 

5>< 

2 

% 

480 

480 

[Ladies  .  .  . 
Countesses 

1     4 
1     8 

0    8 
0  10 

7 
9 

V 

J* 

280 
176 

280 
352    ! 

Duchesses 

2    0 

1    0 

103* 

10 

3 

127 

254    ! 

Imperials   . 

Bags  and 

2    6 
3    0 

2    0 

2    0 

1  a  ton  will  cover  2M  to  2)£  sqTiares.j 

Queens 

f 

Westmore- 

lands,  of 

do.           2                  da. 

various 

sizes. 

Inch  slab  per  superficial  weighs  14  Ibs. 


PLASTERER, 


249.  The  work  of  the  plasterer  consists  in  covering  the 

Imckwork  and  naked  timber  walls,  ceilings,  and  partitions' 
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with  plaster,  to  prepare  them  for  painting,  papering,  or  dis 
tempering  ,  and  in  funning  cornices,  and  such  decorative 
portions  of  the  finishings  of  buildings  as  may  be  required  to 
be  executed  in  plaster  or  cement. 

250.  The  plasterer  uses  a  variety  of  tools,  of  which  the 
following  are  the  principal  ones  : — 

The  drag  is  a  three-pronged  rake,  used  to  mix  the  hair 
with  the  mortar  in  preparing  coarse  stuff. 

The  hawk  is  a  small  square  board  for  holding  stuff  on, 
with  a  short  handle  on  the  under  side. 

Trowels  are  of  two  kinds,  the  laying  and  smoothing  tool, 
jrith  which  the  first  and  the  last  coats  are  laid,  and  the 
gauging  trtnrd,  used  for  gauging  fine  stuff  for  cornices,  &c.  ; 
these  are  made  of  various  sizes,  from  3  to  7  in.  long. 

Of  floats,  which  are  used  in  floating,  there  are  three  kinds, 
viz  ,  the  Derby,  which  is  a  rule  of  such  a  length  as  to  require 
two  men  to  use  it ;  the  hand  float,  which  is  used  in  finishing 
stucco  ;  and  the  quirk  float,  which  is  used  in  floating 
angles. 

Moulds,  for  running  cornices,  are  made  of  sheet  copper, 
cut  to  the  profile  of  the  moulding  to  be  formed,  and  fixed  in 
a  wooden  frame. 

Stopping  and  picking  out  tools  are  made  of  steel,  7  or  8  in. 
long,  and  of  various  sizes.  They  are  used  for  modeling, 
and  for  finishing  mitres  and  returns  to  cornices. 

251.  Materials. — Coarse  stuff,  or  lime  and  hair,  as  it  is 
usually  called,  is  similar  to  common  mortar,  with  the  addition 
of  hair  from  the  tanners'  yard,  which  is  thoroughly  mixed 
with  the  mortar  by  means  of  the  drag. 

Fiiw  stuff  is  made  of  pure  lime,  slaked  with  a  small 
quantity  of  water,  after  which,  sufficient  water  is  added  to 
bring  it  to  the  consistence  of  cream. 

It  is  then  allowed  to  settle,  and  the  superfluous  water 
being  poured  off,  it  is  left  in  a  binn  or  tub  to  remain  in  a 
semifluid  state  until  the  evaporation  of  the  water  has  brought 
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It  to  a  proper  thickness  for  use  In  using  fine  stuff  for 
setting  ceilings,  a  small  portion  of  white  hair  is  mixed 
with  it. 

Stucco  is  made  with  fine  stuff,  and  dean-washed  sand  This 
is  used  for  finishing  work  intended  to  be  painted. 

Gauged  stuff  is  formed  of  fine  stuff  mixed  with  plaster  of 
Paris,  the  proportion  of  plaster  varying  according  to  the 
rapidity  with  \vhich  the  work  is  required  to  feet  Gauged 
stuff  is  used  for  running  cornices  arid  mouldings 

Enrichments,  such  as  pateras,  centre  flowers  foi  ceilings, 
<fee.,  are  first  modeled  in  clay,  and  afterwards  cast  of  plaster 
of  Pans  in  wax  or  plaster  moulds.  Papier  mache  ornaments 
also  are  much  used,  and  have  the  advantage  of  being  very 
light,  and  being  easily  and  securely  fixed  with  screws. 

The  variety  of  compositions  and  cements  made  use  of  by 
the  plasterer  is  very  great  Roman  cement,  Portland  cement, 
and  lias  cement,  are  the  principal  ones  used  for  coating  build 
ings  externally.  Martin's  and  Keene's  cements  are  well 
adapted  for  all  internal  plastering  where  sharpness,  hardness, 
and  delicate  finish  are  required. 

252.  Operations  of  Plastering — When  brick-work  is 
plastered,  the  first  coat  is  called  rendering. 

In  plastering  ceilings  and  partitions,  the  first  operation  is 
lathing.  This  Is  done  with  single,  one  ami  a  half,  or  doubk 
laths ;  these  names  denoting  their  respective  thicknesses. 
Laths  are  made  of  wood :  if  hard  wood,  wrought  iron 
nails  are  used,  but  cast  iron  may  be  employed  with  soft 
wood.  The  thickest  laths  are  used  for  ceilings,  as  the  strain 
on  the  laths  is  greater  in  a  horizontal  than  in  an  upright 
position. 

P Ticking  up  is  the  first  coat  of  plastering  of  course  staff 
upon  laths  ;  when  completed,  it  Is  well  scratched  over  witi 
the  end  of  a  lath,  to  form  a  key  for  the  next  coat. 

Laid  work  consists  of  a  simple  coat  of  coarse  stuff  over 
wall  or  ceiling. 
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Tico~coni   icttrk  is   a  cheap  description  of  plabteilngj  in 

which  the  fir>t  coat  is  only  roughed  over  with  a  broom,  and 
afterward*  set  with  fine  btnff,  or  with  ganged  stuff  in  the 

better  descriptions  of  work. 

The  laying  on  of  the  second  coat  of  plastering  is  called 
jloatiflg,  from  its  being  floated,  or  brought  to  a  plane  surface 
with  the  float. 

The  operation  of  floating  is  performed  by  surrounding  the 
surface  to  be  floated  with  narrow  strips  of  plastering,  called 
screeds,  brought  perfectly  upright,  or  level,  a^  the  case  may 
be,  with  the  level  or  pMinb-rule  ;  thuc-,  in  preparing  for 
floating  a  ceiling,  nails  are  driven  in  at  the  angles,  and  along 
the  sides,  about  10  ft  apart,  and  carefully  adjusted  to  a 
horizontal  plane,  by  means  of  the  level  Other  nails  are 
thea  adjusted  exactly  opposite  to  the  lir^t,  at  a  distance  of 
7  or  8  in.  from  them.  The  space  between  each  pair  of  nails 
is  filled  up  with  coarse  stuff,  and  leveled  with  a  hand  float ; 
operation  forms  what  are  called  dots.  When  the  dots 
are  sufficiently  dry,  the  spaces  between  the  dots  are  filled  up 
lush  with  coarse  stuff,  and  floated  perfectly  true  with  a  float 
ing  rule;  this  operation  forms  a  screed,  and  is  continued  until 
the  ceiling  is  surrounded  by  one  continuous  screed,  perfectly 
level  throughout.  Other  screeds  are  then  formed^  to  divide 
the  work  into  bays  about  8  ft.  wide,  which  are  successively 
filed  up  iushj  floated  level  with  the  screeds. 

The  screeds  for  floating  walls  are  formed  in  exactly  the 
manner,  except  that  they  are  adjusted  with  the  plumb- 
rule  instead  of  the  level. 

After  the  work  has  been  brought  to  an  even  surface  with 
the  floating  rale,  it  is  gone  over  with  the  hand  float,  and  a 
little  soft  stuff?  to  make  good  any  deficiencies  that  may 
appear. 

The  operation  of  forming  screeds  and  floating  work,  which 
is  not  either  vertical  or  horizontal,  as  a  plaster  floor  laid 
with  a  fall,  is  analogous  to  that  of  taking  the  face  of  a  stone 
out  of  winding  with  chisel-drafts  and  straight  edges  la  stone- 
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cutting  ;  the  principle  being  in  each  ease  to  find  three  points 
in  the  same  plane,  from  which  to  extend  operations  over  the 
whole  surface. 

Setting  — When  the  floating  is  about  half  dry,  the  setting 
or  finishing  coat  of  fine  stuff  is  laid  on  with  the  smoothing 
trowel,  which  is  alternately  wetted  with  a  brush  and  worked 
over  with  the  smoothing  tool,  until  a  fine  surface  is  obtained, 

Stucco  is  laid  on  with  the  largest  trowel,  and  worked  over 
with  the  hand  float,  the  work  being  alternately  sprinkled 
with  water,  and  floated  until  it  becomes  hard  and  compact, 
after  which  it  is  finished  by  rubbing  it  over  with  a  dry  stock 
brush. 

The  water  has  the  effect  of  hardening  the  face  of  the 
stucco,  so  that,  after  repeated  sprinklings  and  trowelings,  it 
becomes  very  hard,  and  smooth  as  glass. 

25  3.  The  above  remarks  may  be  briefly  summed  up  as 
follows.  The  commonest  kind  of  work  consists  of  only  one 
coat,  and  is  called  rendering,  on  brick-work,  and  laying,  if 
on  laths.  If  a  second  coat  be  added,  it  becomes  two-coat 
work,  as  render-set,  or  lath  lay  and  set.  When  the  work  is 
floated,  it  becomes  three-coat  work,  and  is  render,  float,  and 
set,  for  brick- work,  and  lath,  lay,  float,  and  set,  for  ceilings 
and  partitions  ;  ceilings  being  set  with  fine  stuff,  with  a  little 
white  hair,  and  walls  intened  for  paper  with  fine  stuff  and 
sand  ;  stucco  is  used  where  the  work  is  to  be  painted. 

Hough  stucco  is  a  mode  of  finishing  staircases,  passages, 
&c.,  in  imitation  of  stone.  It  is  mixed  with  a  large  propor 
tion  of  sand,  and  that  of  a  coarser  quality  than  troweled 
stucco,  and  is  not  smoothed,  but  left  rough  from  the  hand 
float,  which  is  covered  with  a  piece  of  felt,  to  raise  the  grit 
of  the  sand,  to  give  the  work  the  appearance  of  stone. 

Rough  cast  is  a  mode  of  finishing  outside  work,  by  dash- 
Ing  over  the  second  coat  of  plastering,  whilst  quite  wet,  a 
layer  of  rough-cast,  composed  of  well-washed  gravel,  mixed 
up  with  pure  lime  and  water,  till  the  whole  is  in  a  semifluid 
slate. 
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Pugging  !«•  lining  the  spaces  between  floor  joists  with 
course  stuff,  to  prevent  the  passage  of  sound,  or  between  two 
stones,  ami  is  tloue  on  laths  or  rough  boarding. 

In  the  midland  districts  of  England,  reeds  are  much  used 
instead  of  laths,  not  only  for  ceilings  and  partitions,  but  foi 
floors,  which  aiv  formed  with  a  thick  layer  of  coarse  gauged 
stuff  upon  reeds.  Floors  of  this  kind  are  extensively  used 
aiioiit  Nottingham ;  and,  from  the  security  against  fire 
afforded  by  the  absence  of  wooden  floors,  Nottingham  houses 
are  proverbially  fire-proof 

254.  Plasterer's  -work  Is  measured  by  the  superficial  yard  ; 
cornices  by  the  superficial  foot ;  enrichments  to  cornices  by 
the  lineal  fool ;  and  centre  flowers  and  other  decorations  at 
per  piece. 

MEMORANDA. 

Lathing. — One  bundle  of  laths  and  384  nails  will  cover  5 
yards 

Rendering. — 18 7|  yards  require  1J  hundred  of  lime,  2 

double  loads  of  sand,  and  5  bushels  of  hair. 

Floating  requires  more  labor,  but  only  half  as  much 
material  as  rendering. 

Setting. — 315  yards  require  1|  hundred  of  lime,  and  5 
bushels  of  hair. 

set. — 100  yards  require  1 J  hundred  of  lime,  1 
double  load  of  sand,  and  4  bushels  of  hair.  Plasterer, 
laborei,  and  boy,  3  days  each. 

Lath,  lay,  and  set. — 130  yards  of  lath,  lay,  and  set,  require 
I  load  of  laths,  10,000  nails,  2$  hundred  of  lime,  1 J  double 
load  of  sand,  and  7  bushels  of  hair.  Plasterer,  laborer,  and 
boy,  6  days  each. 

SMITH   AND   IEOXFOUNBEB. 

255.  The  smith  furnishes  the  various  articles  of  wrought 
work  used  la  a  building ;  as  pileshoes,  straps,  screw 
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bolts,  dog-irons,  chimney  bars,  gratings,  wrought-iron  rail 
ing,  and  wrought-iron  balustrades  for  staircases.  Wrought 
iron  was  formerly  much  used  for  many  purposes,  for  which 
cast  iron  is  now  almost  exclusively  employed  ;  the  improve 
ments  effected  in  casting  during  the  present  century  having 
made  a  great  alteration  in  this  respect. 

The  operations  of  the  ironfouiider  have  been  described  in 
Section  II  of  this  volume,  and  therefore  we  have  only  here 
to   enumerate  some   of   the  principal  articles  which  are 
furnished  by  him. 

Besides  cast-iron  columns,  girders,  and  similar  articles 
which  are  cast  to  order,  the  founder  supplies  a  great  variety 
of  articles  which  are  kept  in  store  for  immediate  use ;  as 
cast-iron  gratings,  balconies,  rain-water  pipes  and  guttering, 
air  traps,  coal  plates,  stoves,  stable  fittings,  iron  sashes,  &c. 

Both  wrought  and  cast-iron  work  are  paid  for  by  weight, 
except  small  articles  kept  in  store  for  immediate  use,  which 
are  valued  per  piece. 

Ibs 

One  cubic  foot  of  cast  iron  weighs  about  450 
Ditto  wrought  „  415 

Ditto  closely  hammered  485 

256.  The  Coppersmith  provides  and  lays  sheets  of  copper 
for  covering  roofs  ;  copper  gutters,  and  rainwater  pipes  ; 
washing  and  brewing  coppers  ;  copper  cramps  and  dowels 
for  stonemasons7  work ;  and  all  other  copper  work  in  a 
building  ;  but  the  cost  of  the  material  in  which  he  works 
prevents  its  general  use  ;  and  the  washing  copper  is  fre 
quently  the  only  part  of  a  building  which  reqoires  the  aid 
of  this  artificer.    Sheet  copper  is  paid  for  by  the  superficial 
foot,  according  to  weight,  and  pipes  and  gutters  per  lineal 
foot ;  copper  in  dowels,  bolts,  &c.,  at  per  pound. 

257.  Warming  apparatus,  steam  and  gas  JUtings,  and  simi 
lar  kinds  of  work,  are  put  up  by  the  mechanical  engineer, 

also  manufactures  a  great  variety  of  articles,  which  are 
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purchased  In  parts^  and  put  together  and  fixed  by  the 
plumber,  as  pumps,  taps,  water-closet  apparatus,  &c. 

258  The  Mi-hanger  provides  and  hangs  the  bells  required 
for  communicating  between  the  different  parts  of  a  building, 
and  coaiiects  them  with  their  putts,  or  handles,  by  means  of 
cranks  and  wires. 

The  action  of  the  pull  upon  the  bell  should  be  as  direct, 
and  effected  with  as  few  cranks  as  possible  ;  and  the  cranks 
and  wires  should  be  concealed  from  new,  both  to  protect 
them  from  injury,  and  on  account  of  their  unsightly  appear 
ance. 

In  all  superior  work,  the  wires  are  conducted  along  con 
cealed  tubes,  fixed  to  the  walls  before  the  plasterer's  work 
is  commenced  The  simplest  way  of  arranging  the  wires  is 
to  carry  them  up  in  separate  tubes  to  the  roof,  where  they 
may  all  be  conducted  to  one  point,  and  brought  down  a 
chase  in  the  walls  to  the  part  of  the  basement  where  the 
bells  are  hung,  By  this  means  very  few  cranks  are  required, 
and  a  broken  wire  can  be  replaced  at  anj  time  without 
trouble, 

259.  Bell-hangers'  work  is  paid  for  by  the  number  of  bells 

hnng  ;  the  price  being  determined  by  the  manner  in  which 
the  work  is  executed.  The  furniture  to  the  pulls  is  charged 

in  addition,  at  per  piece. 

PLUMBER. 

260.  The  work  of  the  plumber  chiefly  consists  in  laying 

sheet  lead  on  roofs,  lining  cisterns,  laying  on  water  to  the 
different  parts  of  a  building,  and  fixing  up  pumps  and  water 
closets. 

261.  The  plumber  uses  but  few  tools,  and  those  are  of  a 
ample  character  ;  the  greater  number  of  them  being  similar 
to  those  used  by  other  artificers,  as  hammers,  mallets,  pla?i£$ 

s,  Ac.     The  principal  tool  peculiar  to  the 
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trade  of  the  plumber  is  the  lat,  which  is  made  of  beech, 
about  18  in.  long,  and  is  used  for  dressing  and  flattening 
sheet  lead.  For  soldering  also  the  plumber  uses  iron  ladles, 
of  various  sizes,  for  melting  solder,  and  grazing  irons,  for 
smoothing  down  the  joints. 

•262.  The  sheet  lead  used  by  the  plumber  is  either  cast  or 
milled,  the  former  being  generally  east  by  the  plumber  him 
self  out  of  old  lead  taken  in  exchange  ;  whilst  the  latter, 
which  is  cast  lead,  flattened  out  between  rollers  in  a  flatting 
mill,  is  purchased  from  the  manufacturer.  Sheet  lead  is  do 
scribed  according  to  the  weight  per  superficial  foot,  as  5-lb. 
lead,  6-lb.  lead,  &c. 

Lead  pipes,  if  of  large  diameter,  are  made  of  sheet  lead, 
dressed  round  a  wooden  core,  and  soldered  np. 

Smaller  pipes  are  cast  in  short  lengths,  of  a  thickness 
three  or  four  four  times  that  of  the  intended  pipe,  and  either 
drawn  or  rotted  out  to  the  proper  thickness. 

Soft  Solder  is  nsed  for  uniting  the  joints  of  lead-work. 
It  is  made  of  equal  parts  of  lead  and  tin,  and  is  purchased 

of  the  manufacturer  by  the  plumber,  at  a  price  per  lb.,  ac 
cording  to  the  state  of  the  market 

263.  Layi'ng  of  Sheet  Lead. — In  order  to  secure  lead- 
work  from  the  injurious  effects  of  contraction  and  expansion, 
when  exposed  to  the  heat  of  the  sun,  the  plumber  is  careful 

not  to  confine  the  metal  by  soldered  joints  or  otherwise. 
All  sheet  lead  should  be  kid  to  a  sufficient  current,  to  keep 
it  dry  ;  a  fall  of  1  in.  in  10  ft.  is  sufficient  for  this  purpose, 
if  the  boarding  on  which  the  lead  is  laid  be  perfectly  even. 
Joints  in  the  direction  of  the  current  are  made  by  dressing 
the  edges  of  the  lead  over  a  wooden  roll,  as  shown  in  fig. 
101. 

Joints  in  the  length  of  the  current  are  made  with* 
as  shown  on  the  left-  hand-side  of  fig.  102. 
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Fig.  101.  Fig.  102. 


Flashings  are  pieces  of  lead  turned  down  over  fhp  edges  at 
the  other  lead-work,  which  Is  tutmd  uy  against  a  wall,  as 

shown  on  the  right-hand  side  of  fig.  102,  and  serve  to  keep 
the  wet  from  finding  its  way  between  the  wall  aud  the  lead, 
The  most  secure  way  of  fixing  them  Is  to  build  them  Into 
the  joints  of  the  brickwork,  but  the  common  method  is>  to 
inseit  them  about  an  inch  IB  to  the  mortar  joint,  aud  to  secure 
them  with  wall  hooks  and  cement  ( See  fig.  102  ) 

264.  A  very  important  part  of  the  business  of  the  plumber 
consists  in  fitting  up  cisterns,  pumps,  and  water-closet  appa 
ratus,  and  In  laying  the  different  services  and  wastes  con 
nected  with  the  same 

265  Plumbers  work  Is  paid  for  by  the  cwt.,  milled  lead 
being  rather  more  expensive  than  cast. 

Lead  pipes  are  charged  per  foot  lineal,  according  to  size 

Pumps  and  water-closet  apparatus  are  charged  at  so  much 

eaehj  according  to  description  ;  as  also,  basins,  air  traps, 

washers  and  plugs,  spindle  valves,  stop-cocks,  ball-cocks,  &c. 

Talk  of  the.  WdgM  of  Lead  Pipes,  p&r  yard. 
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ZING   WORKER. 

266,  The  use  of  sheet  lead  has  been  to  a  certain  extent 
superseded  by  the  use  of  sheet  zinc,  which,  from  Its  cheap 
ness  and  lightness,  is  very  extensively  used  for  almost  aO 
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purpose?  to  which  sheet  lead  is  applied.     It  is,  however,  a 

very  inferior  material,  and  not  to  be  depended  upon.  The 
laying  of  it  is  generally  executed  by  the  plumber  ;  but  the 
working  of  zinc,  and  manufacturing  of  It  into  gutters,  rain 
water  pipes,  chimney  cowls,  and  other  articles,  is  practised 
as  a  distinct  business. 

GLAZIER. 

267.  The  business  of  the  glazier  consists  in  cutting  glass, 
and  fixing  it  into  lead-work,  or  sashes.    The  former  is  the 
oldest  d<  s*  ription  of  glazing,  and  is  still  used,  not  only  for 
cottage  »,  ,,Uow  s,  and  inferior  work,  but  for  church  windows, 
and  glazing  with  stained  glass,  which  is  cut  into  pieces  of 
the  required  size,  and  set  in  a  leaden  framework  ;  this  kind 
of  glazing  is  called  fretwork. 

268.  Glazing  in  sasMs  is  of  comparatively  modern  intro 
duction.    The  sash-bars  are  formed  with  a  rebate  on  the  out 
side,  for  the  reception  of  the  glass,  which  is  cut  mto  the 
rebates,  and  firmly  bedded  and  backptUtied  to  keep  it  into  its 
place.    Large  squares  are  also  sprigged,  or  secured  with 
small  brads  driven  Into  the  sash  bars, 

269.  Glazing  in  lead-work  is  fixed  in  leaden  rods,  called 
cames,  prepared  for  the  use  of  the  glazier  by  being  passed 

through  a  glaziefs  vice,  in  which  they  receive  the  grooves 
for  the  Insertion  of  the  glass.  The  sides  or  cheeks  of  the 
grooves  are  sufficiently  soft  to  allow  of  their  being  turned 
down  to  admit  the  glass,  and  again  raised  up  and  firmly 
pressed  against  it  after  its  insertion 

For  common  lead-work,  the  bars  are  soldered  together,  so 
as  to  form  squares  or  diamonds.  In  fretwork,  the  bars,  in 
stead  of  being  used  straight,  are  bent  round  to  the  shapes 
of  the  different  pieces  of  glass  forming  the  device — lead- 
work  is  strengthened  by  being  attached  to  saddle  bars  of 
iron,  by  leaden  bands  soldered  to  the  lead-work,  and  twisted 
round  the  iron. 
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Petty  is  made  of  pounded  whiting,  beaten  up  with  linseed 

oil  into  a  tough,,  tenacious  cement. 

270.  The  principal  tool  of  the  glazier  is  the  diamond 
which  is  used  for  cutting  glass.    This  tool  com>ists  of  an 

unpolished  diamond  fixed  in  lead,  and  fastened  to  a  handle 
of  hard  wood. 

Tiie  glazier  uses  a  hacking  out  knife,  for  cutting  out  old 
putty  from  broken  squareh  ;  and  tliz  *tf,pping  Lmfe,  for  laying 
and  smoothing  the  putty  when  sh^ping-m  glasss  Into  bablieh. 

For  betting  glass  into  lead-^  ork  the  wtting  Imfe  L»  u&ed 

Besidcb  tiie  above,  the  glazier  requires  a  square  and 
straight  edges,  a  rule  and  a  pair  of  compasses,  for  dividing 
the  tables  of  glass  to  the  required  sizes. 

ALo  a  hammer  and  bradhes,  for  sprigging  large  squares, 
and  cleaning  off  the  work. 

The  glifz&r's  rue  has  already  been  mentioned  ;  the  latter- 
kin  is  a  pointed  piece  of  hard  wood,  with  which  the  grooves 
of  tiie  are  cleared  oat  and  widened  for  receiving  the 

glass. 

271.  Cleaning  windows  is  an  important  branch  of  the 
glazier's  business  in  most  large  towns  ;  the  glazier  taking 
upon  Mmself   the  cost  of  repairing  all  glass  broken  in 
cleaning. 

2*12.  Glaziers9  work  is  valned  by  the  superficial  foot,  the 
price  increasing  with  the  size  of  the  squares.  Irregular 
panes  are  taken  of  the  extreme  dimensions  each  way. 

Crown  gla^s  is  bfoun  in  circular  talks  from  3  ft.  6  in.  to  5 
ft.  diameter,  and  is  sold  in  crates,  the  number  of  tables  in  a 
crate  varying  according  to  the  quality  ol  the  glass. 
A  crate  contains  12  tables  of  best  quality. 
„  „        15      „         second  do. 

18      „         third    do. 

Plate  glass  is  cast  on  large  plates  oa  horizontal  table% 
and  afterwards  polished. 
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The  manufacture  of  sheet  or  spread  glass,  which  was  for 
merly  considered  a  very  inferior  article,  has  of  late  years 
been  much  improved  ;  much  is  now  sold,  after  being  polished, 
under  the  name  of  Patent  Plate, 


PAINTER,    PAPERHANGER,    AND     DFCORATOR. 

2T3.  The  business  of  the  house-painter  consists  in  cover- 
mg,  with  a  preparation  of  white  lead  and  oil,  such  portions 
of  the  joiner's,  smith's,  and  plasterer's  work  as  require  to  be 
protected  from  the  action  of  the  atmosphere.  Decorative 
painting  is  a  higher  branch,  requiring  a  knowledge  of  the 
harmony  of  colors,  and  more  or  less  of  artistic  skill,  accord 
ing  to  the  nature  of  the  work  to  be  executed.  The  intro 
duction  of  fresco  painting  into  this  country  as  a  mode  of  in 
ternal  decoration  has  led  to  the  employment  of  some  of  the 
first  artists  of  the  day  in  the  embellishment  of  the  mansions 
of  the  wealthy  ;  and  the  example  thus  set  will,  no  doubt, 
be  extensively  followed. 

274.  The  principal  materials  used  by  the  painter  are  white 
lead,  which  forms  the  basis  of  almost  all  the  colors  used  in 
house-painting  ;  linseed  oil  and  spints  of  turpentirn,  used  for 
mixing  and  diluting  the  colors  ;   and  dryers,  as  litharge, 
sugar  of  lead,  and  white  vitriol,  which  are  mixed  with  the 
colors  to  facilitate  their  drying.     Putty,  made  of  whiting 
and  linseed  oil,  is  used  for  stopping  or  filling  up  nail  holes, 
and  other  vacuities,  in  order  to  bring  the  work  to  a  smooth 
face. 

275.  The  painter's  tools  are  few  and  simple  ;  they  consist 
of  the  grinding  stone  and  muller,  for  grinding  colors  ;  eartkm 
pots,  to  hold  colors  ;  cans,  for  oil  and  turps  ;  a  pattd  knife, 
and  "brushes  of  various  sizes  and  descriptions 

276.  In  painting  wood- work,  the  first  operation  consists 
in  killing  the  knots,  from  which  the  turpentine  would  other 
wise  exude  and  spoil  the  work.    To  effect  this,  the  knots  ar© 
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CGYered  with  fre>!i  fluked  lime,  uhich  dries  up  and  burns  out 
the  turpentine  When  tlih«  has  been  on  twenty-lour  hours. 
It  is  scraped  off,  and  the  knots  painted  over  with  a  mixture 
of  red  and  ^hite  lead,  mixed  \\ith  glue  size  After  this  they 
are  gone  over  a  second  time  with  red  and  white  lead,  mixed 
with  Indeed  oil  When  dry,  they  must  be  rubbed  perfectly 
smooth  with  pumice  stone,  and  the  work  is  ready  to  receive 
the  priming  coat  This  is  composed  of  red  and  white  lead, 
well  diluted  with  linseed  oil  The  nail  holes  and  other  im 
perfections  are  then  stopped  with  putty,  and  the  succeeding 
coats  are  laid  on,  the  work  being  rubbed  down  between  each 
coat,  to  bring  it  to  an  even  surface  The  first  coat  alter  the 
priming  is  mixed  with  linseed  oil  and  a  little  turpentine.  The 
second  coat  with  equal  quantities  of  linseed  oil  and  turpen 
tine.  In  laying  on  the  second  coat,  where  the  work  is  not  to 
be  finished  white,  an  approach  must  be  made  to  the  required 
color.  The  third  coat  i&  usually  the  last,  and  is  made  with  a 
base  of  white  lead,  mixed  with  the  requisite  color,  and 
diluted  with  one-third  of"  linseed  oil  to  two-thirds  of  turpen 
tine. 

Painting  on  stucco,  and  all  other  work  in  which  the  sur 
face  is  required  to  be  without  gloss,  has  an  additional  coat 
mixed  with  turpentine  only,  which,  from  its  drying  of  one 
uniform  fiat  tint,  is  called  a  il  at  ting  coat. 

If  the  knots  bhow  through  the  second  coat,  they  mast  be 
carefully  covered  with  silver  leaf. 

Work  finished  as  above  described  would  be  technically 
specified  as  knotted,  primed,  painted  three  oils,  and  flatted. 

Flatting  is  almost  indispensable  in  all  delicate  interior 
work,  but  it  is  not  suited  to  outside  work,  as  it  will  not  bear 
exposure  to  the  weather. 

277.  Painting  on  stucco  is  primed  with  boiled  linseed  oil, 
and  should  then  receive  at  least  three  coats  of  white  lead 
and  oil,  and  be  finished  with  a  flat  tint.  The  great  secret 
©f  success  in  painting  stucco  is  that  the  surface  should  be 
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perfectly  dry  ;  and,  as  this  can  hardly  be  the  case  in  less 
than  t\\  o  years  after  the  erection  of  a  building,  it  will  always 
be  advihiiHe  to  finish  new  work  in  distemper,  which  can  be 
washed  off  whenever  the  walls  are  sufficiently  dry  to  receive 
the  permanent  decorations 

278.  Graining  is  the  imitation  of  the  grain  of  various 
kinds  of  woods,  by  means  of  graining  took,  and,  when  well 
executed,  and  properly  varnished,  has  a  handsome  appear 
ance,  and  lasts  many  years.     The  term  graining  is  also 
applied  to  the  imitation  of  marbles, 

279.  Clear  coling  (from  dam  cotte,  i.  e.  transparent  sia, 
Pr.),  is  a  substitution  of  size  for  oil,  in  the  preparation  of 
the  priming  coat.     It  is  much  resorted  to  by  painters  on 
*ccount  of  the  ease  with  which  a  good  face  can  be  put  on 
the  work  with  fewer  coats  than  when  oil  is  used  ;  but  it  ^  ill 
not  stand  damp,  which  causes  it  to  scale  off,  and  it  should 
never  be  used  except  In  repainting  old  work,  which  is  greasy 
or  smoky,  and  cannot  be  made  to  look  well  by  any  other 
means. 

280.  Distempering  is  a  kind  of  painting  in  which  whiting 
is  used  as  the  basis  of  the  colors,  the  liquid  medium  being 
size  ;  it  is  much  used  for  ceilings  and  walls,  and  always  will 
require  two,  and  sometimes  three  coats,  to  give  it  a  uniform 
appearance. 

281.  Painters7  work  is  valued  per  superficial  yard,  accord- 
Ing  to  the  number  of  coats,  and  the  description  of  work,  as 
common  colors,  fancy  colors,  party  colors,  &e. 

Where  work  is  cut  in  on  both  edges,  it  is  taken  by  the 
lineal  foot.  In  measuring  railings,  the  two  sides  are  measured 
as  fiat  work.  Sash  frames  are  valued  per  piece,  and  sashes 
at  per  dozen  squares. 

282.  The  manufacture  of  scagliola,  or  imitation  marble, 
is  a  branch  of  the  decorator's  business,  which  is  carried  to 
rery  great  perfection* 
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covered  with  fresh  slaked  lime,  which  dries  up  and  hums  out 
the  turpentine.  When  thus  has  been  on  twenty-four  hours, 
it  is  scraped  oil*,  and  the  knots  painted  over  with  a,  mixture 
of  red  and  whilio  load,  mixed  with  glnesixe.  After  this  tluy 
are  gone  over  a  second  time  with  rod  and  white  load,  mixed 
with  linseed  oil,  When  dry,  they  must  be  rubbed  perfectly 
smooth  with  pumice  stone,  and  the.  work  is  ready  to  receive 
the  priming  coat*  Tins  is  composed  of  red  and  white  lead, 
well  diluted  with  linseed  oil.  The  nail  holes  and  other  hn* 
perfections  are  then  stopped  with  putty,  and  the  succeeding 
coats  arc  laid  on,  the  work  being  nibbed  down  between  each 
coat,  to  bring  it  to  an  oven  surface.  The  first  coat  after  the 
priming  is  mixed  with  linseed  oil  and  a  little  turpentine.  The 
second  coat  with  equal  quantities  of  linseed  oil  and  turpen 
tine*  In  laying  on  the  second  coat,  where  the  work  in  not  to 
be  finished  white,  an  approach  must  bo  made  to  the,  required 
color,  Tha  third  coat  is  usually  the  last,  and  is  made  with  a 
base  of  white  lead,  mixed  with  the  roqu'iHito  color,  and 
diluted  with  one-third  of  linseed  oil  to  two-thirds  of  turpen 
tine. 

Painting  on  stucco,  and  all  other  work  in  which  the  HIU> 
face  is  required  to  be  without  gloss,  has  an  additional  coat 
mixed  with  turpentine  only,  which,  from  its  drying  of  one 

uniform  Jlat  tint,  is  called  a  flatting  coat. 

If  the  knots  show  through  the  second  coat,  they  must  be 
carefully  covered  with  silver  leaf. 

Work  finished  as  above  described  would  bo  technically 

specified  as  knotted,  primed,  paiutod  three  oils,  and  flatted, 
Flatting  IB  almost  ludtapuuHablo  in  all  dolieato  interior 

work,  but  it  is  not  suited  to  outside  work,  as  it  will  not  bear 
exposure  to  the  weather, 

2TT.  Painting  on  stucco  m  primed  with  boiled  liutiood  oil, 

and  should  then  receive  at  least  three  coats  of  white  lead 
and  oil,  and  be  finished  with'  a  flat  tint.  The  great  secret 

of  success  in  painting  stucco  is  that  the  surface  should  be 


ill?   OF   tUULMNO.  4*U 

perfectly  dry  ;  and,  UH  this  can  hardly  Jw  the  CUHO  iu  loss 
than  two  yearn  after  the  erection  of  a  building,  it  will  always 
bo  udviMiiblo  t<>  Huiwh  new  work  in  diHlemper,  which  can  be 
washed  oil"  whenever  the  wallnuro  Huflioiontly  ilry  to  receive 
the  permanent  dccoratiotiH 

127H,  (I  mining  IB  the  imitation  of  the  grain  of  various 
kinds  of  woods,  by  meaim  of  ^Mining  t<(U)l#t  and,  when  well 
executed,  and  properly  varnished,  ban  n  hwulKomo  appear 
ance,  nnd  IantN  many  years.  Tho  term  graining  IH  alno 
applied  to  (ho  imitation  of  uuirblon, 

^79,  Clear  ruling  (from  chdw  wile,  I  o,  traimpareiit  HI^, 
B1!',),  IH  a  Hubntitution  of  nl/o  for  oil,  in  tho  prepttration  of 
the  priming  coat.  It  w  mudt  reHorted  to  by  painters  on 
«wount  of  tho  MIM  with  which  a  good  face  can  be  put  on 
the  work  with  fewer  eoatn  than  when  oil  in  vised  ;  but  it  will 
not  stand  damp,  which  Cannes  it  to  scale  of,  and  it  should 
novor  be  used  except  In  repainting  old  work,  which  is  greasy 
or  smoky,  and  cannot  bo  made  to  look  well  by  any  oilier 
moatiH, 


IH  a  kind  of  painting  in  which  whiting 
in  used  an  the  basis  of  the  colors,  the  liquid  medium  being 
flisse  ;  it  Is  much  used  for  odllng's  and  walls,  and  always  will 
require  two,  and  sometimes  throe  coats,  to  givo  it  a  uniform 
appearance, 

2H1,  rWritortf  work  is  yaluod  per  superficial  yard,  accord 
ing  to  tho  number  of  coats,  and  the  description  of  work,  as 
common  colors,  fancy  colors,  party  colors,  &c, 

Whoro  work  in  cut  In  on  both  odgen,  It  IH  taken  by  the 
lineal  foot,  In  measuring  railings,  tho  two  sides  arc  moasurml 
an  flat  work,  Sash  framoB  arc  valued  per  piece,  and  Haahoti 
at  per  doKou  Hquaron. 

281  Tho  manufacture  of  noagllola,  or  itultatjou  marble, 
in  a  branch  of  tho  dworatort  buslixoBB,  .which  Is  carried  to 
rery  great  perfotstlon. 
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Scagliola  is  made  of  planter  of  Paris  and  different  earthy 
colons,  which  aro  mixed  hi  a  trough  in  a  moist  slate,  and 
blended  together  until  the  ro(|nlr(ul  o  fleet  in  produced,  when 
tho  composition  is  taken  front  tho  trough,  laid  on  the  planter 
ground,  and  well  worked  into  it  with  a  wooden  beater,  and 
a  small  gauging  trowel.  When  quite  hard,  it  in  smoothed, 
scraped,  and  polished,  until  it  assumes  tho  appearance  of 
marble. 

Scagliola  is  valued  at  per  superficial  foot,  according  to  the 
description  of  marble  imitated,  and  the  execution  of  the 
work. 

283.  (Hiding  is  executed  with  loaf  gold,  which  is  furnish 
ed  by  the  gold-healer  in  hooks  of  25   loaves,  each  leaf 
measuring  8J  in.  by  8  in,    The  parts  to  he  gilded  aro  first 
prepared  with  a  coat  of  gold  sisw,  which  IH  made  of  Oxford 
ochre  and  fat  oil. 

284,  The  operations  of  the  paper-hangar  are  too  mmplo  to 
require  description. 

A  piece  of  paper  is  12  yards  long,  and  in  20  ins.  wide, 
when  hung,  and  covers  ft  ft  superficial  ;  hence  the  number 
of  superficial  feat  that  have  to  bo  covered,  divided  by  60, 
will  give  the  number  of  pieces  required. 

Paper-hangers'  work  IB  valued  at  per  piece,  according  to 
the  value  of  the  paper, 

Tho  trades  of  the  plumber,  glassier,  painter,  paper-hanger, 
and  decorator  are  often  carried  on  by  the  same  person, 


285.  The  principal  classes  of  buildmga  as  subjects  for 
water  supply  and  drainage,  aro—  1,  Dwellings  j  2,  Manufac 
tories  ;  and  8.  Public  buildings, 

There  is  no  certain  date  upon  which  to  calculate  the  extent 

of  ;  the  arrangement  to  be  provided  for  the  joint  purpose**  of 
supplying  water  autl  discharging  sewerage*    In  England  the 
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tmleuktloim  of  watte  companion  are  usually  bawid  upon  tb^ 
rental  paid  for  each  houno  an  an  index  lo  the  eonwnnption  of 
water  within  it,  and  in  thin  way  they  recognise  an  almo:,*. 
iulhiito  number  of 


128G»  It  w  estimated  that  !20  gallons  of  water  is  the 
average  daily  quantity  for  each  iuhabitaut  of  a  town,  and 
that  thin  quantity  in  Huflloiont  to  allow  alH<>  for  an  ordinary 
proportion  of  mnnufac.turmg  operation^  for  the  Hupply  of 
public,  buildingw,  and  for  tho  extinction  of  turn  It  iw 
eHtimnted  that  a  bulk  of  water  mcanming  B  foot  in  length  by 
I  J  foot  in  width  and  1  ft.  in  dopth,  will  Kuillc.o  for  tho  ablution 
of  one  pornon  in  tho  baths.  This  quantity  will  ccjual  9  cubic 
foot,  or  about  54  gallons, 

2Bl  Howcrn  and  dralnH  woro  formerly  dovinod  with  tho 
single  objoot  of  making  them  lafgttmmgh,  by  which  it  was 
supposed  that  thoir  full  efilciency  wan  secured,  But  Hluggish- 
nosH  of  tho  at*tioti  in  now  recognised  as  tho  certain  conse 
quence  of  (»x(',esH  tujually  a«  of  dolideney  of  doeliuatioth  A 
amall  stream  of  liquid  matter  extended  over  a  wide  surface, 
and  reduced  hi  depth  in  proportion  to  this  width,  suffers 
retardation  from  the  want  of  declivity  in  the  current.  Hence 
a  drain  which  is  dinproportionally  large  In  comparison  to  the 
amount  of  drainage  Is  concentrated  within  a  more  limited 
channel^  a  greater  rapidity  is  produced,  and  every  addition 
to  tho  confcwitH  of  the  aids  by  the  Ml  force  of  its  gravity  in 
propelling  the  entire  quantity  forward  to  tho  point  of  dis 
charge. 

288,  There  are  four  conditions  which  are  to  bo  regarded 
as  indinpenHttblo  in  tho  construction  of  all  drains  from  all 
buildings  whatsoever.  These  conditions  art*—  First.  That  the 

entire  length  of  drain  to  to  be  constructed  and  maintained 
with  mi/idmt.  tkdwity  towards  the  discharge  into  the  sewer 
to  tmaWo  the  average  proportion  and  quantity  of  liquid  and 
solid  matters  committed  to  it  to  maintain  a  ctmlml*  anrt 
wtitm,  and  that  stagnation  shall  never 
36 
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Second.  That;  the  entire  length  of  drain  is  to  bo  constructed 
aad  maintained  in  a  condition  of  wn^lHe,  im^ey'fMnhiiUy^  m 
mat  no  portion  of  tho  matters  put  into  it  should  escape  from 
ifc.  Third.  That  the  head  of  the  drain  Hhall  bo  NO  efficiently 
trapped  (hat  no  gaseous  or  volatile  proportion  or  products 
nan  possibly  arise  from  its  contents.  Fourth,  That  the 
lower  extremity  of  the  drain,  or  the  point  of  its  communica 
tion  with  the  sewer,  shall  be  HO  properly,  completely,  and 
durably  formed,  that  no  Interruption  to  the  How  of  the 
drainage  or  escape  shall  take  place,  and  that  no  facility  shall 
be  offered  for  the  upward  progress  of  the  sewerage  in  case  the 
sewer  becomes  surcharged,  and  thus  tends  to  produce  such 
an  effect. 

'289.  The  common  oeenption  of  the  baHcment  stories  of 
houses,  aa  kitchens  and  water  closets,  has  made  it  appear 
tioBireable  to  depress  the  drains  and  HOWOTH,  in  order  to 
receive  the  refuse  matters  below  the  level  of  these  base 
ments  ;  but  as  tins  object  involves  one  or  both  of  the  evils 
we  have  pointed  out,  viss :  deficient  declivity  and  consequent 
stagnation  In  tho  drains,  and  a  general  nystern  of  sewers 
sunk  so  deeply  in  the  ground  that  incomparable  expense  and 
difficulty  are  created  in  construction,  accosH,  and  repairs,  the 
purpose  of  basement  draining  should  be  abandoned,  and 
practicable  methods  sought  of  delivering  tho  eutiro  drainage 
at  the  level  of  the  surface  ground. 
290.  Brick-work  does  not  seein  to  be  peculiarly  fitted  for 
drains.  It  requires  smoothness  and  tightness,  Stoneware, 
is  more  economical  for  this  purpose  than  iron  tubing,  and  is 
entirely  free  from  the  chance  of  corrosion  and  permeability. 
By  glazing  the  interior  surface,  moreover,  tubes  of  this  ware 
are  made  peculiarly  suitable  for  adoption  in  forming  drains  j 
and  carefully  made  socket  joints  laid  in  the  direction  of  the 
current  are  cheaply  executed,  if  moulded  conically  and  luted 
with  a  little  cement  of  the  best  quality.  The  %im  of  the 
d»ia  pipes  has  to  be  graduated  according  to  the  quantity  to 
,be  passed  through  them. 
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291.  The  t rapping  of  tho  Imul  of  the  draw,  HO  at*  to  pre- 
vxwt  the  ascent,  of  smell  and  impure  gas  from  the  drain  into 
the  building*,  in  tin  indispeiiHable  requirement  in  draining  aj>- 
paratiw  Simplicity  of  construction  and  permanence  of 
action  are,  of  course,  required,  with  the  least  original  outlay 
ut  which  these,  qualities  can  he  obtained, 

SiiliX,  The  lower  connection  of  the  house  drain  with  the 
public  newer  in  the  last  point  of  importance  to  which  we  al 
lude,  A  perfect  construction  of  this  portion  of  the  work 

hafl  always  boon  recognised  as  an  essential  feature  of  good 
drainage.  The.  level  of  the  bed  of  the  drain  must  be  kept" 
as  high  as  possible  above  that  of  the  receiving  sewer,  If  , 
tho  sewer  be  also  constructed  of  the  glaswd  wtono  ware  pip" 
ing,  lengths  of  it  may  be,  introduced  at  convenient  intervals, 
having  outlet  sockets  for  receiving  the  ends, of  the  house- 
drains,  and  being  slightly  tapered  or  conical  in  form  will  be 
readily  jointed  with  a  little  of  the  best  cement.  If  the  newer 
bo  constructed  of  brickwork,  a  good  joint  will  be  obtained 
by  introducing  a  separate  socket  of  stone-ware  lo  receive 
tho  houscnlrnln  pipe,  and  formed  with  a.  flange  at  the  other 
end  to  surround  aacl  cover  the  opening  in  the  newer,  which 
can  them  lw  made  good  with  a  ring  of  cement  carefully  ap 
plied, 

Moans  of  accom  to  houMnlriitnti  are  always  desirable  In 

arranging  the  dotidls  of  tho  apparatus. 

FAINT  I, 

298,  Before  you  commence  to  paint  ft  building,  all  holes, 
nail  heads,  and  indentations  should  bo  filled  in  with  putty, 
The  priming  should  then  bo  put  on,  The  color  will,  of  course, 
depend  on  thu  color  of  the  paint  to  he  put  on.  Aftor  the 
priming  !H  perfectly  dry,  follow  with  another  coat  of  priming, 
or  a  coat  of  paint, 

Nut  oil  !s  better  than  linseed  oil,  to  be  mixed  with  paint, 
that  requires  oxponure  to  the  weather, 
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294,  Painters  require  upai/nt  put  in  which  to  carry  their 
paint,  Inches,  with  which  to  put  it;  on,  jpwa'/,?,  or  small,  soft 
brushes  for  fine  work,  ti  palette,  or  smalt,  thin,  oval  Hhapod 
board  on  which  to  spread  paint  when  delicate  work  is  being 
done,  a  0w#  stick,  with  which  to  steady  the  hand. 

We  cannot  give  recipes  for  making  the  various  kinds  of 
Tarnish  and  paints  In  this  work, 
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SECTION  T. 

WORKING    B'RAWINUS,  SPKCHFIOATIO'NS,  ES 
TIMATES,  AND  CONTRACTS. 

295,  Tho  erection  of  buildings  of  any  consittoroblo  magni 
tude  in  usually  carried  on  under  the  Hiiperintcmdenuo  of  a 
professional  architect,  whoso  duties  consist  in  tho  propara*- 
lion  of  the  various  working  drawings  and  specifications  that 
may  bo  required  for  tho  guidance  of  tho  builder ;  in  the 
strict  Mipervimou  of  tint  work  during  its  progress,  to  inHure 
that  his  instructions  arc  carried  out  in  a  satisfactory  manner; 
and  in  tho  examination  and  revision  of  all  tho  accounts  con- 
nocted  with  tht^  works. 

This  brtof  (unurioratiou  of  tho  dutiofl  of  an  arohiteot  will 
ftuttleo  to  show  how  many  qualifleatiouB  are  required  in  one 
who  aims  at  being  thoroughly  competent  in  his  profession* 
He  must  unite,  the  taste  of  tho  artist  with  the  science  and 
practical  knowledge  of  the  builder,  and  must  be  at  the  same 
time  conversant  with  mercantile  affairs,  and  countings-house 
routine,  in  order  that  ho  may  avoid  involving  his  employer 
in  the  trouble  and  expense  attendant  on  disputed  accounts, 
which  generally  are  tho  result  of  the  want  of  a  cloar  and 
explicit  understanding,  on  the  part  of  the  builder,  of  the 
obligations  and  responsibilities  of  engagements  based  upon 
the  incomplete  drawings,  or  vaguely  wordoJl  specifications 
of  an  incompetent  architect. 

296.  The  profession  of  the  architect  and  tho  trade  of  the 
builder  are  sometimes  carried  on  by  the  same  person  ;  but 
this  union  of  the  directive  and  executive  ftmctlonfl  m  not  to 
be  recommended  ;  In  tho  first  place,  because  the  duties  of  the 

workshop  and  tho  builder's  yard  leave  little  time  for  the 
itudy  of  the  higher  branches  of  architectural  knowledge ; 
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and,  in  the  second  place,  because  the  absence  of  professional 
control  will  always  be  a  strong  limitation  to  a  contractor  to 
prefer  his  owu  interests  to  those  of  hin  employer,  however 
competent  he  may  bo  to  design  the  buildings  with  the  oxocu- 
tion  of  which  he  niay  be  charged. 

During  the  present  century,  the  impulse  given  to  our  arts 
and  manufactures,  and  the  improvements  effected  in  the  in 
ternal  communications  of  the  country,  have  given  rise  to  tho 
execution  of  many  extensive  works  requiring  for  their  eon* 
^t ruction  a  large  amount  of  mechanical  and  sdkmtilio  know 
ledge  |  in  consequence  of  which  a  new  and  most  important 
profession  has  sprung  up  during  the  last  thirty  yearn,  occu 
pying  a  middle  position  between  those  of  architecture  and 
mechanical  engineering,  viz.,  that  of  the  civil  engineer.  The 
practice  of  the  architect  ,and  of  the  civil  engineer  so  closely 
approximate  in  many  respects,  that  it  in  difficult  strictly  to 
draw  the  line  of  demarcation  between  them  ;  but  it  may  be 
aaid  in  general  terms  that  whilst  tho  one  in  chiefly  engaged 
in  works  of  civil  and  decorative  architecture,  such  as  the 
erection  of  churches,  public  buildings,  and  dwelling-houses, 
the  talent  of  the  other  is  principally  called  forth  in  the  art 
of  construction  on  a  large  scale,  as  applied  to  retaining  walls, 
bridges,  tunnels,  light-houses,  &e,,  and  works  connected  with 
tho  improvements  of  the  navigation  and  internal  communi 
cations  of  the  country, 

291.  The  business  of  the  surveyor  is  often  carried  on  as  a 
distinct  branch  of  architectural  practice  ;  and,  as  the  title 

of  surveyor  is  often  appropriated  to  those  who  have  no  real 
claim  to  it,  a  few  words  on  a  surveyor's  duties  may  not  bo  here 
out  of  place. 

Surveyors  may  be  divided  into  three  classes ;  land  sur 
veyors,  engineering  surveyors,  and  building  surveyors. 

The  business  of  an  engineering  surveyor,  as  distinguished 
from  that  of  a  land  surveyor,  chiefly  consists  in  tho  prapara* 
Cation  of  accurate  plans,  sections,  and  other  data  relative  to 
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the  intended  mien  of  large  works,  which  may  be  required  by 
tlio  architect  or  engineer  preparatory  to  making  out  his 
working  drawings,  and  iu  conducting  leveling  operations 
for  drainage  works,  canals,  railways,  <fc«. 

The  building  surveyor  prepares,  from  tho  drawings  and 
specifications  of  tho  architect  or  tho  engineer,  bills  of  quanti 
ties  of  intended  works,  for  tho  two  of  tho  builder  on  which  to 
frame  his  estimates  ;  and,  in  tho  ease  of  contracts,  these  bills'" 
of  quantities  form  the  bantu  of  the  engagements  entered  into 
by  tho  builder  and  Inn  employer,  the  surveyor  boing  peonniarly 
answerable  for  any  omiBHtoiiH,  Tho  wurvoyor  IH  tdno  tuuployod 
in  tho  m(kaHnnnnent  of  workn  already  oxocutod  or  in  progress  ; 
in  tlm  Iat1.cn'  cmne,  for  the  purpoHo  of  ascertaining  tho  advances 
to  be  inado  at  ntatod  intervals,  and  is  engaged  generally  in 
all  bnunoHB  connected  with  bniltlora*  accounts, 

21)8,  The  following  is  the  general  routine  of  proceedings 
in  tho  ease  of  large  woi'kn.  It  will  readily  be  understood 
that  in  small  works  subdivision  of  labor  is  not  carried  to 
such  an  extent,  the  ardiltoet  superintending  the  works  him 
self,  without  tho  aid  of  a  clerk  of  works,  and  the  builders 
taking  out  their  own  quantities. 

I,  The  general  design  having  been  approved  of,  and  the 
ilte  fixed  upon,  an  exact  plan  is  made  of  tho  ground,  the 
nature  of  the  foundation  examined,  and  all  the  levels  taken 

that  may  bo  required  for  tho  preparation  of  tho  working 
drawings. 

IL  The  architect  makes  out  tho  working  drawings,  and 
drawn  up  tho  speculation  of  tho  work, 

III,  A  meeting  to  held  of  builders  proposing  to  tender  for 
the  execution  of  the  proposed  works,  called  either  by  public 
advertisement  or  private  invitation,  at  which  a  surveyor  Is 

appointed,  in  their  behalf  to  take  out  the  quantities.  Some 
times  two  surveyors  are  appointed,  one  on  the  part  of  the 
builders,  and  one  oa  the  part  of  the  architect,  who  take 
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out  trie  quantities  together,  imcl  chock  each  other  JIB  they 
proceed, 

IV",  Tho  Hurvoyor  having  furuLsluul  each  party  proposing 
to  tender  with  a  copy  of  the  bills  of  quantities  the  builders 
prepare  their  estimates,  and  meet  a  Koeoml  time  to  give  iu 
their  tenders,  after  which  the  KuecoHHful  competitor  and  the 
employer  nigu  a  contract,  druwu  up  by  a  solicitor,  binding 
the  onn  to  the  proper  execution  of  the  works,  and  the  <>thor 
to  tho  payment  of  tho  amount  of  their  e.OHt  at  wtoh  times  and 
in  such  sums  aa  may  bo  set  forth  in  tho  spceifleation, 

V,  Tho  work  is  then  net  out,*  and  earned  on  under  tho 
constant  direction  of  a  foreman  on  the  part  ol   the  builder, 
and  on  tho  part  of  the  arehitoet  under  the  snperiutendeuee 
of  an  inspector  or  dork  of  works,  whoso  duty  it  is  to  be  con 
stantly  on  the  spot  to  chock  tho  quality  and  quantity  of 
material  used,  to  see  to  the  proper  execution  of  the  work, 
and  to  keep  a  record  of  every  deviation  from  tho  drawings 
that  may  be  rendered  necessary  by  the  wishes  of  the  employ 
er,  or  by  local  circumstances  over  which  the  architect  has 
no  control 

The  work  is  measured  up '  at  regular  intervals,  and  pay 
ments  made  on  account  to  the  builder,  upon  the  architect's 

certificate  of  the  amount  of  work  clone. 

VI.  Tho  work  being  completed,  tho  extras  and  omissions 
are  sot  against  each  other,  and  the  difference  added  to  or 
deducted  from  tho  amount  of  the  contract,  and  tho  whole 

business  IB  concluded  by  the  architect  giving  a  final  certifi 
cate  for  tho  payment  of  tho  balance  duo  to  tho  builder. 


On  Setting  0«J  Wwk-Jttb*  determination  of  the  MAot  poidtton  of  aw  IntcmdUtd 
beiug  f  onaetlmefl  dllfloult  to  *aoompVnU,  ft  ftw  ramarkM  <m  Urn  subjoot 


Th«  setting  out  of  the  leading  llnei  in  simple  onough  on  level  ground,  wliw« 
nothiag  OOOUTR  to  Interrupt  the  view,  or  to  prevent  the  dlvnet  moAHurvnueot  of 
tlh©  wquirod  distance®  ;  but  to  ptsrfot-m  thin  oprattoa  ftt  tho  bottom  ol*  a  Fouti* 
datlon  pit,  blootod.  up  with  bulks  tod  Rlvom  and  ankle-deep  la  Blu»h,  r^quireH  jv 
d«gro«  of  pmotio©  and  pivtiouoo  not  ahvayn  to  bi  met  wil.h.  t^t  us  take 
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of  flwto,— -In  preparing  tho  plan  of  the  Bite  of 
the  propoHpu  works,  tho  oporatioiw  of  tho  surveyor  will 

MM,  Huflh  M  tho  putting  In  th«  ftbutmnnb  of  &  brldgoor  a  viaduct,  any  wrror  in  th® 
position  of  wutaU  would  rmuUtr  tho  work  UH«U>HM  (HM  llg.  108)  Th*  fowling  llnoi 
having  bwti  lultl  down  on  tho  drnwlngii,  the  Iliwt  thing  to  b«  dtmts  boloru  ttronklng 
f(roun(\,  In  to  HOI  out  th«  «t»tntp«  HAM  v«fy  tmrtU'ully  with  a  lluwdoUlw  und  rAujiittg 
rwl«  fbi?  a.  (tofidtd^mbln  tlUtftUdit  <na  initilt  nltl«  of  th«  wortt,  and  to  (lx  HH  poHltlon  by 
ttw^ng1  polM,  |)lau^<l  true  antl  pUwd  p^t'lVfttly  upright,  In  HOKIH  part  of  tlio  lin» 
whom  tht*r«  SH  n«  ohftnoo  of  Ihtrtf  b«In«  dlHturbftrt, 

N«*t»  lh«  flxaofc  poMltlon  of  Uw  Mbntm^ut  on  tht>  oonlro  lln«  would  b»  dftoWod 
upon,  ftwl  flxwl  by  NotKng  out  anolhvr  Hun  at  right  atiglnH  to  th«  UrnL  RM  o  4  which 
wouhtalrio  Uft  oxtMuildd  bnyoml  tho  workM.  *uul  UK  position  flxod  by  driving  In  «t»kw 
thu  «»ot  poHltlou  of  fch«  lln«H»tt  tho  bwntlof  tlw  nUk«  bring  nuu-lunl  by  M  naw  out 

Thflifo  gulrtlnn1  Ihtw  Itftvltt^  now  bwut  purittMtwiitty  mwuirott  th(*  phtti  of  Wi*  abut* 
mtftl  t«n.y  bo  wst  out  on  tho  ground,  tUo  damn  clriv<Mt  witl  tlio  otu'th  got  out  to  tho 
iwjulpwl  <l«{itti,  Hy  dh«  tlttto  tho  oxoavnliiou  SM  roatly  for  couutK^icltiK  th*1*  work  it 
ffttttttViUy  pw^ttlrt  tt  fopHHt  of  intnyw,  iifut»i  ^^d  Mlioww  thftt  would  d^fy  duy  attoni^t 
At  duttlugout  tho  work  om  Itw  owu  Iflvol ;  It  tuuttli  ttu»rofov«i  bn  wet  out  at  tUutop  o! 
Uiw  'buttf  nud  thw  poiut-N  tiiutHfwretl  or  rfff^prl)  w  followH  I  — « 

Klrot,  tb«  position  of  th«  wtiitw  llu«  in  aHwrtoiu«d  by  H*!Vrt«iuw  lo  tho  polon,  n«d 
tttkllH  bolng  di'lvnn  Into  tH«  tUnUwn  at  tho  Hlrt*»«  of  th«  daw,  n  ttno  lluw  In  Htrmlnod 
AtitoHH ;  I  ho  poMttlon  of  tho  lino  o  d  Is  fouwlt  and  a  Moootul  HUM  Ntmlmnl  aovoHM  In  th6 
Hwmfl  w\y,  lu  M,  Hlwitlivr  nintinwr  othor1lnei4  aw  utrahitul  from  wldo  10  H(d<t  at  th« 
rotjulrod  «lln'ftuo«»,  iho  Iwigib  bwlng  nwiutiirwl  from  tU«  Un«  <i  rf,  i««l  th«  wldtlii 
fi-mi  a  ft,  until  tho  outtlmtof  ibo  fouwdatlon  mwm  In  Humid  ;  tbo  anpk  pintw  &n 
thfift  tfttinsfoi'W'id  to  tbo  bottom  of  thi  ^xoftvuitton  by  tnwuw  of  pluttih4h\%  and 
Hi«  work  U  «on\tt«HiW(l  Itn  aoaumey  bolng  odNlly  tHMtiod  l>y  \uoaiiurwm*nMi  from 
Die  liiiiMi  rr,  I)  and  <:  d,  until  It  IH  10  t'n,r  adviuHU'il  an  to  nmtloi- 
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generally  have  to  bo  extended  beyond  the  Npot  of  ground  or. 
which  tho  building  in  (;o  ntawl  Tho  frontages  of  the  ad 
jacent  buildings,  and  tho  position  of  all  oxiHtiug.or  con  torn 
plated  sowers,  drains  and  wator-eourHos,  should  bo  correctly 
ascertained  and  laid  down.  SketehcH  drawn  to  scale,  of  the 
iirehttcctural  sketches  of  the  adjacent  bnildingn,  if  in  town, 
and  accurate  outline  HketchoH  of  tho  maV/w//,v  of  (he  locality 
of  tho  intended  operations,  if  in  the  country,  should  accom 
pany  tho  plan,  that  tho  architect  may  try  the  oHeet  of  IUH 
doaigu  before  its  actual  execution  renders  it  impossible  to 
remedy  its  faults* 

By  tho  careful  study  of  all  those  data  tho  architect  may 
hope  to  succeed  in  making  his  works  harmonic  with  the 
objects  that  surround  them  j  without  them,  failure  ou  thin 
head  is  almost  a  certainty. 


800.  ZeiNik—  Whorci  the  irregularities  of  tho  ground  are 
considerable,  it  is  necessary  to  ascertain  the  variations  of  the 
surface  before  the  depth  of  the  foundations  and  tho  position 
of  the  floors  can.  be  decided  upon. 

It  also  frequently  happens  that  tho  levels  of  the  floors  and 
other  loading  lines,  lu  a  now  building,  are  regulated  by  tho 
capabilities  of  sewerage  or  drainage,  or  by  the  heights  of 
other  buildings  with  which  tho  new  work  will  ultimately  bo 
connected,  as  in  tho  case  of  now  streets.  Jt  therefore 
bocotnes  of  importance  to  have  simple  and  accurate  means 
of  ascertaining  arid  recording  tho  relative  heights  of  differ 
ent  points.  For  this  purpose  'both  tho  spirit  lovel  and  tho 
mason's  level  aro  uaocl. 

801.  Where  the  ground  to  bo  lovelod  over  is  limited  in 
extent,  and  tho  variations  of  lovol  do  not  exceed  12  foot,  the 
heights  of  any  points  may  bo  found  with  the  mason's 

In  the  following  manner.     (Sea  fig,  104.) 
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IE  a  convenient  place,  near  the  highest  part  of  the  ground, 
drive  three  Htoul,  Htaken  at  equal  distances  from  each  other, 
and  nail  to  them  three  pieces  of  stout  plauk,  ))laecd  as 
shown  in  the  cut,  their  tipper  edges  being  adjust  eul  to  the 
same  horizontal  plane  by  means  of  the  mason's  level,  The 
level  being  then  pltieed  on  thin  frnme,  an  assistant  proeeedft 
to  the  first  point  of  which  the  height  !H  required,  holding  tip 
a  rod  with  a  sliding  vane,  which  lie  raises  or  lowers  in 
obedience  to  the  directions  of  the  surveyor,  until  it  coincides 
with  <t  piur  of  sights  flxcnl  at  the  lK)ttcnn  of  the  level  ;  the 
height  of  the  vane  will  then  be  the  difference  of  level 
between  the  top  of  tho  leveling  frame,  and  the  place  where 
the  staff  wan  held  up, 

$()!&,  The  above  and  similar  mothodH  will  wnlfico  for  taking 

lovoln  in  a  rough  way  for  the  ordinary  purposes  of  the 
builder ;  but  whore*  great  accuracy  is  requisite,  or  where  the 
leveln  have  to  bti  extended  over  a  considerable  distance,  utf 
Is  often  the  COM  in  dratnago  works,  thenneof  a  more  perfect 
(H)ntrivance  in  wwtwsary,  and  the  spirit  level  in  the  instru- 
mont  principally  used  for  this  purpose. 

The  spirit  level  consists  of  a  telescope  mounted  on  a 
portable  stand,  and  furnished  with  screw  adjustments,  by 
means  of  which  it  can  be  made  to  revolve  hi  a  horizontal 
plane,  any  deviation  from  which  is  indicated  by  the  motion 
of  an  air-bubblo  in  a  gloss  tube  fixed  parallel  to  the 
telescope. 

The  ciye-pleee  of  the  telescope  is  furnished  with  cross- 
wires,  as  they  aro  technically  termed,  made  of  spiders' 
thread,  of  which  the  use*  will  be  presently  explained, 

SOB.  The  leveling  staff,  now  iti  common  uso,  is  divided 


444  BUPIMKNT3  Off  TUK 

into  feet,  tenths,  and  hundred  UIB,  in  a  conspicuous  manner, 
so  that,  with  the  help  of  the  glass,  every  division  can  bo 
distinctly  soon  at  the  distance  of  one,  hundred  yards  ormoiu 
The  mode  of  conducting  the  operation  of  leveling  is  as 

follows  : — 

The  surveyor  having  set  up  and  adjusted  his  instrument, 
the  stall-holder  proceeds  to  the  point;  at  which  the  levels  are 
to  commence,  and  holds  up  his  staff  perfectly  upright  and 
turned  towards  the  surveyor,  who  no  IAS  the  division  of  the 
staff  which  coincides  with  the  horizontal  wire  hi  the  idea- 
cope,  and  enters  the  same  in  his  level-book;  the,  stall 
holder  thmi  proceeds  to  the  next  point,  and  the  reading  of 
the  staff  is  noted  as  before  ;  and  this  is  repealed  until  the 
distance  or  the  difference  of  level  makes  it  necessary  for  the* 
surveyor  to  take  up  a  fresh  position,  While  this  is  being 
done,  the  staff-holder  remains  stationary,  until,  the  level 
being  adjusted  again,  ho  carefully  turns  the  face  of  the  staff 
so  as  to  be  visible  from  the  instrument  in  its  new  position, 
and  a  second  reading  of  the  staff  is  noted,  after  which  he 
proceeds  forward  as  before  for  a  fresh  set  of  observations, 

304,  In  every  set  of  observations  the  first  is  called  a 
Backsight,  and  the  last  a  Foresight,  The  remaining  obser 
vations  ate  called  intermediates,  and  arc  entered  according 
ly,  It  will  be  seen  that  an  error  hi,  an  intermediate  reading 
is  confined  to  the  point  where  it  occurs ;  but  a  mistake  in  a 
back  or  foresight  is  carried  throughout  the  whole  work,  and 
therefore  every  care  should  be  taken  to  insure  accuracy  in 
observing  those  Bights, 

&Q5,  The  surveyor  should  commence  rind  close  his  work 
by  sotting  tho  staff  on  some  well-defined  mark,  which  can 
readily  bo  referred  to  at  any  subfloqucmt  period,  such  m  a 
door-step,  plinth  of  a  column,  Ac,  Those  marks  uro  called 
bench  murks,  written  B  M,'and  are  oHHoutbl  for  cither 
checking  the  work  or  carrying  it  on  at  a  subsequent  period, 
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80ft.  The  reduction  of  the  levelato  a  tabular  form  foruHo 
IH  a  Htmjsle  urilhwutioal  operation,  which  will  bo  readily 
umlerHlood  by  examination  of  the  annexed  example  of  a 
level  book,  and  of  the  accompanying  Hoction*,  %.  105.  The 

difference  between  the  HueceHBive  readingn  In  any  sot  of 


100. 


ob«or?atloriH  Is  tlio  tllffcwnco  of  Icvol  botwoen  the  pointa 
whero  tho  rtaflf  wan  wiecoHHlvoly  hold  up,  and  by  Hiraplo 
addifclon  or  mibtraotlon,  according  an  tho  ground  mm  or 
falltf,  wo  wtKht  obtain  tho  total  riao  or  fall  of  tho  ground 
above  or  below  tho  Parting  point  j  but  m  thte  would  roquiro 
two  columns,  orw  for  tho  total  rtao,  and  ono  for  tho  total 
fall,  it  in  simpler  to  a«Mumo  tho  starting  point  to  bo  somo 
givc.it  height  above  an  imaginary  horizontal  daAwn  Km,  drawn 
below  the  lowest  point  of  tho  ground,  to  which  level  all  tho 
holffhta  are  roforrotl  in  the  column  headed  total  height  above 
*  datum  line 

807,  The  accuracy  of  the  arithmetical  computations  IH 

*Ttt  plotting  w»citltm»  of  gtounrt,  Its  ti  twwftl  to  wak«  tho  wrfcloal  w*l«  muoh 
prMtw  Umn  iH«  UoriuontHl,  whlolt  «ftftWw»  wall  fftrtatlow  of  tovol  to  U  tiwily 
m«$wurwl  on  «i»  rtmwln?  without  It*  bMn*  «xl«wd«d  to  tta  laoonvaniftnt  Iwagth, 
Thin  IN  rtiown  In  th«  l«WiP  liftlf  «f  dg.  10ft,  Th«  uppw  part  of  the  flgu»  »k>w«  thi 
HttoLion  plotttid  to  ihi  ««.mt  liorLionfeftl  anfl  y«rtlwl  woalt 
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proved  by  adding  up  the  foresights  and  bauksighliH,  and,  de 
ducting  tlio  sum  of  the  former  from  that  of  the  latter  (the 
height  of  the  first  B  M  having  been  previously  entered  at 
the  top  of  the  page  an  a  backsight),  the  remainder  will  bei 
the  height  of  tho  last  B  M,  and  should  agree  with  the  last 
figures  in  the  column  of  total  heights. 

308.  In  leveling  the  site  of  a  proposed  building,  if  no 
suitable  object  presents  itself  for  a  permanent  ,B  M  for  future 
reference,  a  largo  stake,  hooped  with  iron,  should  bo  driven 
into  the  ground  in  some  convenient  place  whe.ro  it  will  not 
bo  disturbed.  The  height  of  this  stake  being  then  carefully 
noted  and  marked  upon  the  elevations  and  sections  of  the 
building,  it  will  serve  as  a  constant  cheek  ou  the  depths  of 
the  excavations,  and  the  heights  of  the  different  parts  of  the 
work,  until  the  walls  reach  the  level  of  the  principal  floor, 
when  it  will  no  longer  be  required. 

BOO.  Wo  must  not  leave  the  subject  of  levels  without 
mentioning  a  very  useful  instrument,  called  the  water  level, 
which  consists  of  a  long  flexible  pipe,  filled  with  water,  and 
terminating  at  each  end  in  an  open  glass  tube.  "When  it;  is 
required  to  find  the  relative  heights  of  any  two  points,  as, 
for  instance,  the  relative  levels  of  the  floors  of  two  adjoining 
houses,  the  two  ends  of  the  tube  are  taken  to  the  respective 
points,  the  tube  being  passed  down  the  staircases,  over  the 
roofs,  or  along  any  other  accessible  route,  no  matter  how 
circuitous,  and  the  required  levels  are  found  by  measuring 
up  from  the  floors  to  the  surface  of  the  water,  which  will  of 
course  stand  at  the  same  level  at  each  end  of  tlio  tube 

WOKKING  DRAWINGS. 

810,  The  architect,  being  furnished  with  the  plan  'and 
levels  of  the  site  of  his  operations,  and  having  caused  a  care 
ful  examination  to  be  made  of  the  probable  nature  of  tha 
foundation  by  digging  pits  or  taking  borings,  proceeds  t* 
make  out  his  working  drawings. 
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It  Is  not  sufficient  for  the  execution  of  the  working  draw* 
ingfl  that  tho  draughtsman  should  bo  acquainted  with  the 
ordinary  principles  of  gwiuctric-  projection.  He  must  also 
be  thoroughly  conversant  with  perspective,  and  with  the 
principles  of  chiasenro,  or  light  and  shade,  or  he  will  work 
at  random,  us  tho  geometrical  projections  which  are,  required 
for  tho  UNO  of  the  workman  give  a  very  false  idea  of  the 
effect  tho  work  will  have  in  exeeutiou, 

811.  Working  drawings  may  bo  divided  under  three 
heads,  viz.  ;—  Block  plans,  General  drawings,  and  Detail 
drawings  : 

L  Block  jpfer?w.-—  Those  show  tho  outline  only  of  tho  in 
tended  building,  and  its  position  with  regard  to  surrounding 
objects.  They  are  drawn  to  a  small  scale,  embracing  the 
whole  area  of  tho  Hito,  and  on  them  arc  marked  tho  existing 
boundary  walls,  sowers,  gas  and  water  mains,  and  all  the 
new  walls,  drains,  and  water-pipes,  and  their  proposed  con 
nection  with  tho  existing  OUCH,  so  that  the  builder  may  BOO 
ai  a  glance  the  extent  of  his  operations, 

A  well-digested  block  plan,  with  its  accompanying  levels 
showing  tho  heights  of  the  principal  points,  tho  fall  of  the 
drains,  &e,,  is  ono  of  the  first  requisites  in  a  complete  sot  of 
working  drawings* 


II  Gemral  J>flw%*,—  Those  nliow  the  whole  extent  of 

the  building,  and  tho  arrangement  and  connection  of  the 
different  parts  more  or  less  in  detail,  according  to  its  shse 
and  extent  Those  drawings  consist  of  Phns  of  tho  founda 
tions,  and  of  tho  different  stories  of  tho  building,  and  of  tho 
roofs  ;  JSkwtm*  of  the  different  fronts  ;  and  Necl-ions  show- 
ing  the  heights  of  tho  stories,  and  such  constructive  details 
as  the  scale  will  admit  of.  These  drawings  are  carefully 
figured,  the  dimensions  of  each  part  bolng  calculated,  and 
its  position  fixed  by  reference  to  some  well-defined  lino  in 
the  plans  or  elevations,  the  position  of  which  admits  of  oasj 
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Fig.  106 


verification  In  till  stages  of  the  work.  This  is  bent  done  by 
ruling  faint  linos*  on  the  drawings,  through  the  principal 
ulvinioiw  of  the  design,  as  shown  in  fig*,  100,  whore  tho  plan* 
and  elevation  are  divided  Into  compartments,  by  linos  pass- 
big  through  the  eontrcH  of  the  columns,  from  which  all  tho« 
dimensions  are  dated  each  way,  Those  centre  linos  are,  in* 
tho  execution  of  tho  work,  kept,  constantly  marked  on  tho- 
walls  as  tht^y  are  carried  up,  HO  that  they  are  at  all  timos^ 
available  for  roferen<*e. 

By  thin  HMUUIH,  the  cwntm  linos  having  beeu  once  cartsfully 
marked  on  tho  building,  any  Hllght  error  or  variation  from 
the  drawing**  lw  confined  to  the  spot  where  it  occurs,  instead 
of  being  c-arritnl  forward,  as  In  sometimes  the  eawv  to  appear 
only  when  correction  in  an  desirable  as  it  is  Impossible. 

The  use  of  these  centre  lines  also  Haven  much  of  tho  laboi 
of  the  draughtsman,  as  they  form  a  skeleton^  of  which  only 
HO  much  need  be  llllcd  up  as  may  bo  required  to  show  the 
design  of  the  work, 


III.    Mailed  Drawfatf*'—  *ThoMO  aro  on  a  largo  scale, 

showing  thoHQ  details  of  (Construction  wMeli,  could,  not  b« 
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explained  in  thn  general  drawing,  Mich  an  the  framing  of 
floors,  partitions,  and  roofs,  for  the  MM  of  the  carpenter  j 
the  patterns  of  cast-iron  girders  ami  story  posts  for  tho  iron* 
founder ;  decorative  details  of  columns,  entablatures,  and 
cornices,  for  tho  carver  ;  the  requisite  details  being  made 
out  separately,  an  far  as  possible,  for  each  trade  ;  which 
arrangement  Haves  much  time  that  would  otherwise  be 
wasted  in  referring  from  one  drawing  to  another,  awl,  which 
in  still  more  important,  insures  greater  accuracy,  from  the 
workman  understanding'  better  tho  nature  of  his  work* 

in  making  tho  detailed  drawings  every  particular  should 
bo  enumerated  that  may  bo  required  for  a  perfect  under 
standing  of  tho  nature  and  extent  of  the  work,  Thus,  in 
preparing  the  drawings  for  the  iron-founder,  every  separate 
pattern  should  bo  drawn  out,  and  the  number  stated  that 
•will  bo  required  of  each. 

This  principle  should  bo  attended  to  throughout  tho  whole 
of  the  detailed  drawings,  as,  In  tho  absence  of  such  data,  it 
is  very  difficult  to  prepare  correct  estimates  for  the  execu 
tion  of  tho  work,  without  devoting  more  time  to  tho  study 
of  tho  drawings  than  can  generally  be  obtained  for  that 
purpose. 

SPfflOIPIOA'MONi. 

812,  Tho  drawings  being  completed,  the  architect  next 
draws  up  tho  specification  of  the  intended  works,  This  ia 
divided  under  two  principal  heads— 1st,  the  conditions  of 
the  contract ;  and,  2d,  the  description  of  the  work, 

The  title  briefly  states  tho  nature  and  extent  of  the  works 
to  be  performed,  and  enumerates  the  drawings  which  arc  to 
accompany  and  to  form  part  of  tho  written  specification. 

818.  Conditions  of  Contract.— Besides  the  special  clauses 

and  provisions  which  are  required  by  tho  particular  circum« 

stances  of  each  case,  the  following  clauses  are  inserted  in  all 
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1,  The  works  ere  to  bo  executed  to  the  full  intent  tad 
moaning  of  tho  draw  ings  and  specification,  and  to  tho  satin* 
faction  of  ttto  architect, 

2,  Tho  contractor  to  take  the  entire  charge  of  tho  works 
during  their  progress,  and  to  be  responsible  for  all  IOHKOS 
and  accident  K  until  their  completion. 

8.  Tho  architect  IH  to  have  power  to  reject  nil  improper 
material  or  defective  workmanship,  and  to  have  full  control 
over  tho  execution  of  the  works,  and  free  access  at  all  times 
to  the  workshops*  of  tho  contractor  where  any  work  in  being 

propar-ocL 

4,  Alterations  in  the  design  are  not  to  vitiate  tho  con 
tract,  but  all  extra  or  omitted  works  arc  to  bo  measured 
and  valued  according  to  a  schedule  of  prices 
agreed  upon, 

6.  The  amount  of  the  contract  to  he  paid  by  ui 
aB  the  workn  proceed,  at  tho  rato  of  —  per  omit,  on  the 

amount  of  work  dona,  and  the  balance  within  —  ~  from 
the  date  of  the  architect's  Btxal  certificate, 

Lastly.  The  works  are  to  be  completed  within  a  stated 

time,  under  ponaltioH  which  are  enumerated. 

814,    Tim  description  of  Uu  works  details  minutely  the 

quality  of  tho  materials,  and  describes  the  manner  in  which 
every  portion  of  the  work  IB  to  be  executed,  tho  fulness  of 
tho  description  depending  on  the  amount  of  detailed  infor 
mation  conveyed  by  the  working  drawings,  care  being  taken 
that  the  drawings  and  specification  should,  together,  contain 
,  every  particular  that  is  necessary  to  be  known  in  order  w 
make  a  fair  ontimate  of  the  value  of  the  work, 

IU6,  The  chief  merit  of  a  specification  consists  in  the  us* 

of  clear  and  explicit  language,  and  in  the  systematic  arrange 
ment  of  its  contents,  so  that  the  description  of  each  portion 

of  the  work  shall  be  found  in  its  proper  place  ;  to  facilitate 
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e,  every  clause  should  bo  numbered  and  havo  a  mar 
ginal  ro forts IKJO  attached,  and  a  copious  index  should  accom 
pany  the  whole. 

BILLS   OF    QUANTITIES. 

816.  The  surveyor,  being  Furnished  by  tho  architect  with 
the  drawings  and  specification,  proceeds  to  take  out  the 
quantities  for  the  use  of  the  parties  who  propose  to  tender 
for  the  elocution  of  the  work,  Thin  i«  done  in  the  same 
way  that  work  is  measured  when  executed,  except  that  the 
measurements  are  made  on  the  drawings  with  usealo  instead 
of  on  the  real  building  with  measuring  rods. 

Sit.  In  taking  out  quantities  there  are  throe  distinct 
oporafcioris ;  Int,  taking  the  dimensions  of  the  several  parts 
of  the  work,  and  entoring  thorn  in  the  dimotiHion  book  ;  2dly, 
working  out  the  quantitit^H,  and  poHting  them  into  the 
columns  of  the  abstracts,  which  IB  called  dhnimcMng ;  lldly, 
casting  up  the  columns  of  the  abstracts,  and*  bringing  the 
quantities  Into  bill. 

818  The  dimension  book  m  ruled,  and  the  dimensions 

entered  as  in  the  following  examples ; 


No, 

IHttiwiBkm, 

Qufttitity. 

Jteiortption. 

16 

ft    In, 
14    0 

ft,  to, 

0  10 

.     38  10 

j  Momol  fir  framed  joigts  to 

(     front  room  ground  floor. 

0    2K 

. 

In  this  example  the  work  measured  (jonsists  of  sixteen 
joists ;  each  14  ft.  long  and  10  in,  deep  ami  2|  in.  thick  j 

and  the  total  quantity  of  timber  they  contain  amounts  to  88 
ft,  10  in,  cube. 
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iJittMlt 

«ton. 

ft, 
20 

In. 
<5 

II 

G 

>fbHekn 

Quantity. 

ft      in. 

\    U4/v/»1 

^!a 

235    9 

[     tai 

J     f(K 

Description 


]  Btock  brickwork  itx  mor 
tar  to  front  wall,  from 
footings  to  1st  sot-off. 


#10.  In  preparing  the  abstract  for  each  trade,  the  sur 
veyor  looks  over  IUH  dimensions  to  see  what  articles  ho  will 
have,  and  mien  his  paper  into  eolumuH  accordingly,  wrIUng 
the  proper  heads  over  each 

Tho  principal  point  to  bo  attended  to  in  abstracting  quan 
tities  is  to  preserve  a  regular  rotation  in  arranging  tho  dif 
ferent  d(^eriptionH  of  work,  so  that  every  article  may  at 
onco  be  found  on  referring  to  its  proper  place  in  tho  abstract. 

No  fixed  rules  can  bo  given  on  this  head,  as  tho  form  of 
abstract  in  different  for  every  trade,  and  must  bo  varied  ac 
cording  to  eireuttwtancoH  ;  but,  as  a  gen-oral  principle,  arti 
cles  of  leant  value  should  bo  placed  first.  Solid  measure 
should  take  precedence  of  superficial,  and  superficial  of  lin 
eal,  and  misuollatitiouH  articles  should  come  kst  of  all  j  or, 
in  technical  terms,  the  rotation  should  be,  1st,  cubes ;  2nd, 
supers,;  3rd,  runs ;  and,  lastly,  miscellaneous* 

820.  In  bringing  the  quantities  into  bill,  the  same  rota 
tion  is  to  bo  observed  as  in  abstracting  them,  care  being  tar 
ken  that  every  article  is  inserted  in  its  proper  place,  so  that 
It  may  readily  bo  found  in  the  bill. 

Tho  limits  of  this  volume  prevent  our  going  into  much  de 
tail  on  tho  subject  of  builders'  accounts,  aad  we  must  there 
fore  confine  ourselves  to  laying  before  the  reader  a  skeleton 
estimate,  which  will  give  him  a  tolerable  idea  of  tho  manner 
in  which  the  several  kinds  of  artificers'  work  ar©  abstracted 
and  brought  into  bill. 

88L  .Hfltimato  for  the  Erection  of —at  - — — ,  for 

-_w^->  according  to  Specification  and  Drawings  numbered 
I  to  — ,  prepared  by ~,  Architect,  (Date.) 
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wla,    ft 


ft.     In, 


RUDIMKNTS  OF  THE 

FOUNDATIONS. 


®,  ft, 


yd*.    It, 


ft,,     in, 


Douu. 

Cm 

is 

Itixcavation   to  foundutionR 
(  i  n  o  lading  cofferdams 
pumping,  &c.j  „ 
Concrete 

at  — 

"        II 

Timber  in  piles  driven  —  ft 
through,  (doBeribe  tho  ma 
terial,)   including  ringing 
shoeing  and  driving/  bu1 
not  ironwork    » 
Do.  in  (Wn.  planking,  spiko<i 
to,  pile-heads 

»,  ibi. 

Wrought  iron    in  shoos  tr 
piles 

Total  of  foundations  to  bo 

carried  to  summary 

-«L-«aa 

__ 

BKIOKLAYHIU 

aupl, 

11 

Reduced  brickwork  in  mor 
tar    
Reduced  brickwork   in  'eo» 
ment        . 

— 

11 
11 

Tiling  (describing  ,tho  kind, 
whether  plain  or  pantlling, 
if  single  or  double  laths, 

Brleknogging  to  partitions  „ 
Paving,  (of  various  domsrlp- 
tiotts)       , 
Arid  all  other  articles  val 
ued  per  yard  superficial. 

II 

1J 

run 

3-atye  arches 
Facings  (with  superior  des 
cription  of  bricks,  specify* 
in^  the  quality) 
Jutting  to  arches  or  splays  , 
And  all  other  work  valued 
by  the  foot  superficial, 
Barrel  or  other  drains  (speci 
fying  stao,  &o.)  , 

Carried  forward 

* 
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BRICKLAYER,  wtdinued. 


DQUJS, 

On. 

Brought  forward  . 

»•"•     —    ruin 

Tile  creasing 

at  —7 

And  all  other  articles  val 

ued  by  running  measnro. 

N«», 

Ohimuoy  pots,  eucli  ;  bedding 
and  pointing  sash  and  door 

frames,  each'  ;  and  all  HUM* 

Total  of  bricklayers'  work 

to  bo  carried  to  aunitna- 

MASON, 

«-,« 

—  - 

yds.    ft, 

Hubble  walling    , 

at  — 

M    —     )t 

HatmnoiMlrc^Bed  walling  in 

random  courses        »  ' 

ft,     in, 

•***"*"*     u 

^tone  (doflcribing1  tbo  kinds)  . 

—    —  nui»l, 

l^abor  on  above   (as  plain 

work,  mink,    moulded   or 

circular  work)  , 

-              MM               M 

Hearths,  pavings,   landings, 

<fee,,    beginning   with  the 

thinnest    . 

~»              —               „ 

Marble  Blabs,  beginning  with 

the  thinnest  and  Inferior 

qualities   , 

—  *    -*   rum 

Window  sills,  curbs,  stops, 

.—           M. 

eopinp,  &c* 
Toggle  joints,  chases,  &o. 

NOH. 

Porticos  and  rail  holes,  &e.«— 

dowels,  cramps,  and  other 

articles  numbered 

Total  of  masons'  work  to  b© 
carried  to  summary      * 

OAEPINTKB  AN»  JOINUE. 

—     —  iupl, 

Labor  and    nails   to   roofs, 

•"*****») 

floors,  or  quarter  partitions 
Battenings  and  boardings  ac 
cording  to  description 

nt  — 

Carried  forward  . 
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EtJOIMKNTS   OS1  TUB 


ft,      in, 

—     —   ou.bo 


OAKMSNTKB  &  JOINBK,  continued* 


floors,  according1  to  descrip 
tion,  beginning    with   the 
inferior  and  ending  with  at  • 
tine  best  descriptions 
And  so  on  for  all  work 
valued  by  tho  Hanaro. 

Momel  fir,  according  to  des 
cription,  as  Ur  bond,  lir 
framed,  wrought  and  fram 
ed,  wrought,  framed,  and 
rebated,  &o. 

Do.  proper  door  and  window 
cases 

Then  oak,  and  superior  de 

scriptions  of  timber,  iu 

the  same  way, 

Thou  tho  superficial  work, 


—     —   iron, 


-in.  deal  rough  linings,  and 
so  ou  with  the  diltbrent 
thicknesses  of  deals  accord 
ing  to  tho  labor  on  them  ; 

arranging  them  according 
to  their  thickness,  and  tho 
amount  of  labor  ou  them, 
beginning  with  tho  thin 
nest  .  .  . 

Then  oak  plank  or  mahog 
any  in  the  game  way. 
Then  take  the  framed  work, 
as — 

lj£-in.  deal  square-framed  In- 
closure  to  closota,  and  so  on 
with  the  rest  of  tho  framed 
work,  as  doors,  shutters, 
sat&os,  frames,  &().,  accord 
ing  to  description  »  , 
Then  tho  work  valued  by 
running  measure,  as— 

fe£in.  Spanish  mahogany 
moulded,  grooved,  and  bea 
ded  handrail 
TTbtoa  the  numbers,  us— 
tf<».  Mitred  and  turned  caps,  fix 
ing  iron  balusters,  <fce, 

Carried  forward . 
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s,  rt,. 


ft.,     in 


—     —    run. 
KOM, 


ft. 

—  tup!. 


CABPHNTKB  &  JOINKK,  continued. 


Brought  forward  . 
Lastly  —  The  ironmongery, 
every     article    of    which 
should  be  carefully  describ 
ed. 

Total  of  carpenter  and 
joiners'  worlc  to  be  car 
ried  to  summary  . 

SLATBR. 

Oountoss,  or  any  other  kind 
of  slating,  according  to  de 
scription  .        .        ,        .  at  — - 
Then  slate  slab,  as— 

Inch  shelves,  rubbed  one  side, 
beginning  with  the  slabs  of 
least  thickness,  and  arrang 
ing  them  according  to  the 
labor  bestowed  on  them 
Then  the  work  valued  by 
running  measure,  as— 

Patent  saddle-cut  slate  ridge 
Lastly— the  numbers,  as— - 

Holes,  cut,  &o.     . 

Total  of  slaters*  work  to  bo 
carried  to  summary 

PfcABTHKMIU 

First  the  superficial  quan 
tity  of  plastering,  as— 
Render  float  and  set  to  walls, 
beginning  with  the  com- 
mouest,    and    proceeding 
through  the  different   de- 
scriptionH  of  two  and  three 
coat  work,  up  to  the  stuo- 
ooeH  and  superior  work  t  . 
Then  the  whitewashing,  dis 
tempering,  &o.  . 
Next  the  run  of  cornices, 
architraves,  reveals,  &o.» 


Carried  forward 
38 
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ft      in 

—      -    rim 


Noi 


toil.  ct.  qrH.  lb 


Nos 


RUDIMENTS   0^   THB 

PLABTKKHB,  continued. 

Brought  forward  . 
Plain    cornice   to   dniwiu, 
room,  14  in.  girt 
And   lastly  the  number 

as-— 

4  mitres,  1  centre  flower,  II 
in.  diameter,  &C.,  Ac. 
Total  of  plasterers'  work  t 
be  carried  to  summary 

SMITH  AND  IBOK-FOUNJDKH 

Begin  with  the  east-iroi: 

as— 
Cast-iron  in  No,  4  girders 

including  patterns,  paint 

ing,  and  fixing  ,       .         at  — 

N.  B.—  atato  the  No.  ol 
patterns. 

Then  the  smaller  conlingH 

as— 
.iailings,  balconies,  column 

&c  ..... 

Then    the   wrought   iron 

as- 
Wrought  iron    in    chimney 

bars,  straps,  screw  bolts 

railings,  &c. 

Then  the  articles  sold  by 

running  measure,  as— 
Cast-iron     gutters,    water- 

pipes,  &c. 

Lastly,  the  numbers,  as-— 
Itoves,  coal-plates,  stable-fit 

tings,  &c*  . 

Total  smith  and  iroiwfoun 

ders'  work  to  be  carried 
to  summary  , 


Number  the  bells,  and  de 
scribe  the  mode  of  hang 
ing,  as- 

Carried  forward  . 


aw. 


flirt. 


ft, 


>*.     ft. 


ART   OP   BUItDIKG. 

;,  continued. 

Brought  forward . 
Sou —  fooiia  hung  with  copper 
wires    in    concealed    tin 
tubes,  with  bolls,  cranks, 
and  wires  complete  . 
And  then  enumerate  the  or 
namental  furniture  to  the 
different  pulls   , 

Total  of  bell-hangers'  work 
to  be  carried  to  summa 
ry  ... 

PlUMBJffiE. 

Cast  load   laid   in   gutters, 
hips,  ridgeH,  flats,  cisterns, 
&c. ;  including  all  solder, 
wall  hooks,  nails,  &c. 
Milled     do.       do.     , 
Then    socket,  rain-water, 
funnel  pipes,  and  other 
work  valued  by  the  line 
al  foot,  as— 
Inch  drawn  pipes 

Lastly  the  numbers,  tvs— 
NO», Joints,  plugs,  and  washers, 
air  trajks,  brass  grates, 
tocks,  copper  balls,  pumps, 
water  cloneta,  apparatus, 


Total  of  plumbers'  work  to 

be  carried  to  summary 

PAIOTBB, 

Of  painting,  according  to  de 
scription,  specifying  the 
number  of  oils,  and  wheth 
er  common  or  extra  colors, 
beginning  with  the  work 
in  fewest  coats,  and  finish 
ing  with  the  most  expen- 
livo  descriptions 


in, 

—•    ran, 


DOLLM. 


Carried  forward , 
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RUDIMKNT8  OF  T4IE 


PAINTBE, 


i 

DOLLS. 

€m 

Brought  forward  , 

Then  the  running   work,j 

ft'     in. 

an-— 

—    —    rua, 

Skirtings,   plinths,    window 

sills,  <fee  

Lastly  the  numbers,  as— 

Noa. 

Frames,    squares,    chimney 

pieces,  &o. 

Total  of  painters'  work  to 
be  carried  to  summary  . 

M—.     »•**«< 

-=s  —  =: 

QLASHHB. 

ft.     in. 

Glassing,    according   to   de 
scription,  specifying  sisse  of 

squares,    and  quality    of 

glass        .... 

at—  . 

Then,  the  stained  and  other 

ornamental  glass  »  and, 

lastly,  the  plate  glans. 

Total  of  glazier's  work  to 

be  carried  to  summary  , 

^wr-w 

^^:J 

PAMK-HANOBR  &  BKQOIUTOE. 

yds*    ft 

—       —  Bttpl 

Distempering,  according  to 
description 

at  —  « 

ft.      in. 

*""""      """"  *   »> 

Scagliola  slabs      do.  . 

yds    ft. 

—  -        —      I'UB 

Gold  mouldings   , 

No, 

Pieces  of  paper  hung,   ac 
cording  to  description,  in 
cluding  preparing  walla- 

Hanging,    lining,    paper, 

and  pumicing  do* 

tl 

Dozen  of  borders  , 

Total  of  paper-hanger  and 
decorator  s  works  to  bo 

carried  to  summary     t 

AET  OF  BUILDING. 


Temporary  foncingH—  -watching  and  light 

ing  workti        .... 
Ollieo  for  olerk  of  works  . 
PiMtrict  nurvoyor'H  loo 
Fire  insurance         , 
Surveyor^  charge  for  bills  of  quantities  . 

Total  Bundrios  to  bo  carried  to  summary 

SUMMAIMT  OF  BILLS, 

Foundations   ..... 

Brick  layer      ..... 


Carpenter  and  joiner       . 
Slatw 
Phwlorer 

Bniith  and  iron-founder  * 
Boll-hangw     , 

Plunibur,  pain  tor,  and  gltusior  . 
and  decorator    . 


l  amount  of  OBtinuito 
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Doujs.    1     Cte 


Tko  surveyor  fiirnislioa  the  builder,  whoso  tender  is 
d^  with  copicB  of  tho  drawiiigH  from  which  the  quaa- 
have  boon  taken  off 

By  rofmuiM  to  tluwo,  tho  builder  can  at  all  times  satisfy 
hiiuHolf  tliat  tho  detailed  drawings,  ftiruishod  for  tho  exe 
cution  of  tho  work,  contain  nothing  boyoud  what  ho  haw  con 
tracted  for, 

OopioB  of  tho  drawings  and  specification  arc  attached  to 
Uio  contract  dood,  and  arc  sigpnd  bv  tho  builder  and  other 
partuw  roHpeevtivoly  concerned. 

323.  It  scarcely  ever  happens  that  a  largo  undertaking 
can  be  carried  into  execution  without  considerable  departure 
from  tho  contract  doHigrm,  especially  in  tho  matter  of  found 
atiouB  and  underground  work  j  tho  exact  nature  and  extent 
of  which  muat  often  be  uncertain  until  the  works  aro  com- 
meuced. 


4f>2  RUDIMENTS  OF  THE    Alt!    OF 

To  provide  for  these  contingoneieB  without  wotting  aside 
tlio  contract,  the  builder's  oHtimato  Is  accompanied  by  u 
schedule  of  prices  at  which  lie  undertakes  to  execute  any 
additional  work  that  may  bo  required,  or  to  value  any  work 
that  may  bo  omitted,  Thin  Mhodule  should  bo  carefully 
drawn  out,  HO  that  there  shall  bo  no  dispute  an  to  itn  moan- 
ing- ;  thuH,  imdor  the  head  of  brickwork,  it  nliotild  be  chiurly 
undortitood  whether  centering  in  included  in  the  }wm\  ntuntui, 
or  whether  it  is  to  form  an  additional  charge ;  with  iron- 
fouudora'  work,  whether  the  price  melutlen  patternn ;  and  HO 
on  with  every  description  of  work, 

824.  Architee-ts  arc  remtiuertited  by  a  conuniHrnon  of  5 
per  cent,  on  the  amount  expended  nndor  thoiv  direction,  be- 
sides  traveling  expenses,  salary  of  tho  olork  of  the  works,  and 
occasionally  other  charges,  according  to  circumstances. 
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WOODS    OF  'NORTH    AMERICA, 


L  Abie*  alba,  or  white  spruce;  weighs  23  Ibs.  IS  oz.  per  cubic 

foot ;  npedfic  gravity,  .381. 

2.  Abies  canadtnsw,  or  hemlock-spruce ;    common    in    Upper 
Canada  ;  weighs  23  Ibs,  0  oz.  por  cubic  foot,  and  has  a  specific 
gravity  of  .368. 

3.  Acer  crtocarpum,  or  soft  maple  j  common  in  Upper  Oauada ; 
weighs  36  Ibs.  14:  07..,  and  has  a  specific  gravity  of  .590. 

All  the  above  arc  used  in  carpentry. 

4.  Acer  ne^rundo,  or  box-older,  ash-leaved  maplo  j  common  in 
the  United  States  ;  weighs  24  Ibs.  por  cubic  foot,  and  has  a  specific 

gravity  of  .384. 

6.  Amr  rultrwn,  or  red  maplo  ;  common  in  the  United  States ; 
weighs  38  Ibs.  5  oss.  per  cubic  loot-— has  a  specific  gravity  of  .613. 

6,,  AsGer  mcG/M-nnum,  or  sugar  mable  ;  common  in  the  United 
tttates ;  weighs  38  IbH.  6  oss.  por  cubic  foot,  and  has  a  specific 

gravity  of  .614% 

7.  Anew  naccJictTiivum,  or  bird's-oyo  maplo  ;  common  in  Upper 
Canada;  used  In  ornamental  work  by  carpenters  and  joiners ;  weighs 

40  Ibs.  1ft  osi,  per  cubic  foot,  and  has  a  specific  gravity  of  .655. 

8.  Curly  maple ;  common  in  Upper  Oanada  j  used  in  common 
carpentry  work ;  has  a  specific  gravity  of  .586,  and  weighs  86  Ibs, 
10  055.  per  cubic  foot. 

9.  Hard  maple ;  also  common  in  Upper  Oanada ;  weighs  39  Ibs 
per  cubic  foot,  and  has  a  specific  gravity  of  .634, 

10.  J&etula  nigra,  or  black  birch  ;  common  in  Upper  Oanada  ,- 
is  much  used  for  ship-building  in  Oanada  and  Nova  Scotia,  but 
is  not  a  durable  wood  j  it  weighs  35  Ibs.  7  OJB.  per  cubic  foot,  and 
has  a  specific  gravity  of  .067* 
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11.  -Birch  ;  an  inferior  wood—  common  in  Canada  and  the  North 
ern  States  ;  weighs  30  Iba,  11  OH.  per  cubic  loot,  aud  has  a  specific 
gravity  of  .491. 

12.  Butter  wood  ;  used  in  ship-building  ;  has  a  specific  gravity 
of  .460,  and  weighs  "2ti  Hw.  12  02,  per  cubic  foot. 

13.  Carya  porcina,  or  pignut  hickory  ;  common  in  iho  United 
States;  is  the  strongest  aud  boat  kind  of  hickory;  it  weighs  40  Ibs. 
8  oz.  per  cubic  loot,  and  ban  a  specific  gravity  of  .000. 

14  Carya  sukata,  or  shell-bark  hickory  ;  common  iu  the  United 
States  ;  weighs  43  Ibs.  21  OH.  per  cubic  foot,  and  IIUH  a  specific 
gravity  of  .090. 

15.  Hickory  ;  common  in  tlio  United  Btaton  ;  weighs  47  Ibs.  8'  oz, 
per  cubic  foot,  and  has  a  Hpecillc  gravity  of  .700. 

16.  Castanca  -wwca,  or  chofMut  \  common  in  the  United  States; 
has  a  specific  gravity  of  .404,  and  weighs  25  Ibs,  4  oss,  per  cubic 
foot. 

17.  Celtis  crasslfolia,  or  hack  berry  j  ia  a  tough  and  elastic 
wood,  weighing  38  Iba.  C  oz.  per  cubic  foot,  and  haa  a  Hpeeiflc 
gravity  of  ,614. 

18.  Cerasus  virgbaana>  or  wild  cherry  ;  common  iu  the  United 
States  ;  tlw  bark  is  used  medicinally  ;  has  a  specific  gravity  of  .515, 
and  weighs  32  Ibs.  3  oz.  per  cubic  foot 

19.  Cerasus  canadwms,  or  red  bud,  Judas  tree  ;  a  close-grained 
and  compact  wood,  having  a  specific  gravity  of  ,535,  aud  weighs1 
33  Ihs.  7  oz,  per  cubic  foot. 

20.  Cornus  florida,  or  dog-wood;  a  hard,  closo-grained,  and 
strong  wood,  weighing  47  Ibs.  4  oss.  per  cubic  foot,  and  having  a 
specific  gravity  of  .756. 

21.  Cupre&w  disticha,  or  cypress  ;   common  in  the  United 
States;  grows  to  an  immense  size;  is  much  used  for  shingles;  weighs 
2U  Ibs.  13  oz.  per  cubic  foot,  and  has  a  specific  gravity  of  .305, 


)  or  persimon;  a  hard,  close-grained 
wood  ;  weighs  44  Iba.  6  02,  per  cubic  foot,  and  has  a  specific  gravity 
of  .710. 

23.  JFagw  amcricana,  or  white  beach  j  common  iu  the  Urn  ted 
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States  ;  is  used  in  dry  carpentry  ;  weighs  42  Ibs.  11  oz.  per  cubic 
foot,  and  has  a  specific  gravity  of  .674. 

24,  Fagm  fcrmginca,  or  beech  ;   common  in  Upper  Canada, 
used  iu  dry  carpentry  ;  the  wood  lias  a  more  rufous  tint  of  color 
than  common  beech  ;  it  weighs  36  Ibs.  9  oz.  por  cubic  foot,  and 
has  a  Bpecilic  gravity  of  ,585. 

25.  Fnanius  amemanw,  or  American  ash  ;   weighs  35  Ibs, 
10  oss.  per  cubic  foot,  and  has  a  specific  gravity  of  .570  ;  —  is  tough 
and  elan  tic. 

2(>.  White  ash  ;  weighs  30  Iba,  14  oss.  por  cubic  foot,  and  has  a 
specific  gravity  of  ,494. 

27,  Glcditschia  triacantkiks,  or  honey  locust  ;   is  a  very  hard 
wood  and  splits  easily,  having  a  specific  gravity  of  .(546,  aud 
weighing  40  Ibn.  6  oss,  per  cubic  foot. 

28.  Gymnocladw  canadGMis,  or  coffee  tree  ;  is  a  hard,  compact, 
strong,  and  tough  wood,  having  a  specific  gravity  of  .647,  and, 
weighing  40  Ibs.  7  055.  per  cubic  loot, 


29,  Julians  «/te>  or  hickory;  has  a  Bpecilic  gravity  of  ,770,  and' 
weighs  48  IbB,  2  oz.  por  cubic  foot. 

30.  JuglatM  citienat  or  butternut  ;  has  a  specific  gravity  of 
from  .376  to  .487,  and  weighs  from  22  to  30  Ibs.  por  cubic  foot. 

3L  White  walnut 

82.  Juglans  niffra,  or  black  walnut  ;  weighs  28  Ibs,  16  m, 
per  cubic  foot,  aud  has  a  npeciiic  gravity,  of  .483  it  in  a  strong 
and  tough  wood,  not  liable  to  aplit,  and  is  much  used  in  carpentry 
work. 

80.  Junip&rus  hermudiana,  or  red  or  pencil  cedar  ;  is  used  in- 
ship-building  and  for  making  pencils. 

34.  The  Virginia  cedar  IB  used  for  the  same  purpose,  but  is  not: 

considered  as  good  aa  that  from  Bermuda. 
* 

35.  l&rix  (tMO'ic&na,  or  hackmatack  ;  much  used  and  esteemed1 
in  MriliHh  North  America  for  ship-building  ;  has  a  specific  gravity, 
of  about  .000,  and  weighs  about  36  IbB.  por  cubic  foot. 

36.  The  tamarack  is  a  wood  muck  used  for  ship-building  in 
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British  North  America ;  it  has  a  specific  gravity  of  .383,  and 
weigh  23  Iba,  15  oss,  per  cubic  foot 

37.  Cedar. — The  samples  at  the  World's  Fair  had  a  specific 
gravity  of  from  .294  to  .314,  and  weighed  from  1,8  llw.  G  055,  to 
19  .Ibs.  10  oz.  per  cubic  foot 

38.  Lirwdsnron  tulip  fora,  or  yellow  poplar;  ia  common  in 
the  United  States ;  lias  a  specific  gravity  .287,  and  weighs  U4  Ibs. 
8  oz.  per  cubic  foot, 

39.  Mor us  rubra,  or  rod  mulberry;  weighs  35  Ibs.  1  023.  per 

cubic  foot,  and  has  a  specific  gravity  of  .501. 

40.  Nyssa  Multiflora,  or  black  gum,  or  sour  gum  ;  weighs  40 
Ibs.  6  oz.  per  cubic  foot,  and  has  a  specific  gravity  of  ,040, 

41.  Ostrya  virginica,  or  iron  wood  j  weighs  48  ibs.  11  o&  por 
cubic  foot,  and  has  a  specific  gravity  of  .779. 

42.  Picea  bakam&a^  or  balsam  ;  is  usod  in  earptmtry ;  has  a 
specific  gravity  of  .304,  ami  weighs  19  Ibs.  por  cubio  foot. 

43.  Pinusmitis,  or  yellow  pine ;  has  a  specific  gravity  of  ,376, 
and  weighs  23  Ibs,  8  055.  por  cubic  foot, 

44.  Pinus  rmnosa,  or  American  rod  phw ;  Is  used  In  oarpwitry , 
weighs  26  Ibs,  11  o&  por  cubic  foot,  ami  has  a  Bpocifio  gravity  of 

,427. 

45.  Bod  Pine ;  ia  a  strong  wood  used  in  carpentry  5  has  a  specific 
gravity  of  .455,  and  weighs  28  Ibs.  7  o».  por  cubic  foot. 

46.  Pinus  rigida,  or  pitch  pine  j  Is  a  strong  wood,  weighing 
32  Ibs,  per  cubic  foot,  and  having  a  specific  gravity  of  ,512, 

47.  Platanm  occidentalism  or  button-wood,  or  sycamore ;  is  much 
used  for  making  boadateada ;  has  a  specific  gravity  of  ,424,  and 
weighs  20  Ibs.  8  o&  per  cubic  fool 

48.  Populus,  or  poplar ;  is  a  light,  Inferior  wood. 

49.  Cherry  wood ;  weighs  29  Ibs,  15  oz.  per  cubic  foot,  and  hm 
a  ppecific  gravity  of  .479, 

50.  Quebec  oak  j  is  much  used  for  ship  building,  but  is  not  dur- 
able. 
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51.  Quercw  alba,  or  white  oak;  weighs  40  Ibs.  per  cubic  foot. 
and  haa  a  specific  gravity  of  .04. 


52    (iwrcw  rulim,  or  red  oak;  weighs  32  Ibs.  2  oz.  per  cubic 
fool,  and  luiB  a  specific  gravity  of  ,514. 


53.  Qrtcraw  t  hi  dona,  or  black  oak;  weighs  34  Ibs.  13  oz.,  arid 
htvw  a  Hpocilio  gravity  of  .558. 


54.  y/wms1  virws,  or  live  oak  ;  !B  the  hoax  icst  and  hardest  of 
UK*  oakrt  ;  IUIH  a  Hpccilic  gravity  of  .100,  and  weighs  56  Ibs.  4  oz 
por  cubic  foot. 

55.  Roblnia  pmul  awic/'a,  or  locust,  or  treenail  j  so  called 
becaiiHO  uncul  principally  for  treenails, 

56.  Sassafras  ojjmnal^  or  aaBHufras  tree. 


57.  Ti'tia  amermma,  or  bass-wood  ;  is  oven  in  grain,  weighs  26 
Ibrt.  per  cubic  foot,  and  has  a  specific  gravity  of  .400. 

58.  UlMittt  (ttmirfwrna,  or  elm  ;  wcig'hs  36  Ibs.  11  025.  por  cubic 
foot,  and  IUIH  a  specific  gravity  of  .587. 

59.  Bod  olm—  uHod  by  wheelwrights. 

60.  White  elm. 

61.  Bock  dm, 

62.  Swamp  olrau    ThoHo  elms  are  all  quite  similar* 

6JI  (iu<^boo  rock  «lm,  or  wych  hajsol  ;  used  In  ship-building'  in 

Canada  ;  haa  a  specific  gravity  of  .546,  and  weighs  34  Ibs.  2  oz* 
por  cubic  foot, 

64.  Umria  triloba,  or  paw  paw  ;  weighs  51  Ibs.  6  o^,  per  cubic 

foot)  and  has  a  specific  gravity  of  .859. 


8T0NU. 


IB  cubic  foot  of  nrnrblo  weigh  1  toa, 
feat  of  ffranito  weifh  1  ton. 
following  tabto  is  from  Bob$on  s 
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WEIGHT  OF   TIMBER. 

84  cubic  foot  of  Mahogany  weigh  on©  ton, 

89      "          "       Oak,  M  «* 

40      "          «      Ash,  "  «' 

61      "          "      Beech,  <«  « 

60      «         "      Elm,  «  w 

65      "          "      Mr,  '«  w 


WAGES. 

The  price  of  labor  in  different  portions  of  the  United  Staioa, 
varies  more  than  three  hundred  per  cent. 


WEIGHT  OF  EARTH* 

18  cubic  feet  of  chalk  weigh  one  ton* 

17  "         "      clay  " 

18  "         "      night  soil      4I 
2l|-    "         "      gravel  ** 
28J-    "         "      sand              « 


TILING. 

A  square  of  pantlling  requires  one  bundle  of  laths  and  J  hun* 
drod  of  sixponny  nails. 

A  square  of  plain  tiling  requires  one  bundle  of  laths,  on©  peek 
of  tile  pins,  and  three  hodft  of  mortar. 

There  are.  12  pantile  latha  in  a  bundle  j  80  bundles  make  a  load, 

MORTAR, 

A,  cubic  yard  of  mortar  requires  nine  bushels  of  llmo  and  one 
load  of  sand. 

Lime  and  sand,  and  likewise  cement  and  sand,  loae  one  third  of 
their  bulk  when  made  into  mortar. 

The  proportion  of  mortar  or  cement,  when  made  up,  to  the  lime 
or  cement  and  sand  before  made  up,  Is  as  d  to  8, 

Lime  or  cement  and  sand  to  make  mortar,  require  m  much 
water  as  is  equal  to  one  third  of  their  bulk* 

A  cubic  yard  of  concrete  requires  34  cubic  feet  of  material ;  or 
if  the  gravel  is  to  the  lime  as  0  to  1,  a  cubic  yard  of  concrete 
will  require  one  cubic  yard  of  gravel  and  sand,  and  three  bushels 
of  lime. 
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Mensuration  of  Surfaces  and  Solids;  Tables  of  the  Weights  of 
Metals,  Lead-pipe,  etc,;  Tables  of  Areas  and  Circumference! 
D(  Circles;  Japan,  Varnishes,  Lackers,  Cements,  Compositions,  etc., 
•etc.  By  LEKOV  J.  BLINN,  Master  Mechanic.  With  One  Hundred 
tuid  Seventy  Illustrations,  umo $2,50 

BOOTH, -Marble  Worker's  Manual; 
Containing  Practical  Information  respecting  Marbles  in  general,  theit 
Cutting,  Working  and  Polishing';  Veneering  of  Marble;  Mosaics; 
Composition  awl  Use  of  Artificial  Marble,  Stuccos,  Cements,  Receipts, 
Secrets,  etc,,  etc,  Translated  from  the  French  by  M.  L  BOOTH. 
With  an  Appendix  concerning  American  Marbles,  lamo,,  cloth  #1.50 

BRANNT,— A  Practical  Treatise  on  Animal  and  Vegetablt 

Fats  and  Oils  j 

Comprising  l>oth  Fixed  and  Volatile  Oils,  their  Physical  and  Chem 
ical  h'opci'lieB  and  Uses,  the  Manner  of  Extracting  and  Refining 
them,  and  Practical  Rules  ibr  Testing  them;  as  well  an  the  Manufac 
ture  of  Artificial  Butter  and  Lubricants,  etc,,  with  lists  of  American 
Patent  relating  to  the  Extraction,  Rendering,  Refining,  Decomposing, 
and  Bleaching  of  Fats  and  Oils,  By  WiiXUM  T,  llEANNT,  Editor 
of  the l§  Tech  no  "Chemical  Receipt  Book,"  Second  Edition,  Revised 
and  in  a  great  port  Rewritten,  Illustrated  by  302  Engravings.  In 

Two  Volumes,    1304  pp,   8vo $10,00 

BRANNT.'~~A  Practical  Treatise  on  the  Manufacture  of  Soap 

and  Candles ; 

Based  upon  the  most  Recent  Experiences  in  the  Practice  and  Science; 
comprising  the  Chemistry,  Ruw  Materials,  Machinery,  and  Utensil* 
and  Various  Processes  of  Manufacture,  including  a  great  variety  of 
formulas*  Edited  chiefly  from  the  German  of  Or,  C,  Deite,  A, 
Engelhardt,  l)r,  CSehaedler  and  others;  with  additions  and  lists 
of  American  Itoits  relating  to  these  subjects,  By  WM.  T.  BEANNT, 
Illustrated  by  163  engravings*  677  pages,  tfvo.  ,  ,  $10,00 

BRAN  NT  —India  Rubber,  Qutti-Percha  and  Balata : 
Occurrence,  Geographical  Distribution,  and  Cultivation,  Obtaining 
and  Preparing  the  Raw,  Materials,  Modes  of  Working  and  Utilising 
them,  Including  Washing,  Maceration,  Mixing,  Vulcwiixin&Rubber 
and  Outta-Percha  Corapoundg,  Utilisation  of  Waste,  etc,  By  Wai- 
1AMT,  BUNNT*  Illuitrated.  larao.  (1900.)  .  .  $3.00 
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BRANNT-^WAHL,— The  Techno-Chemical  Receipt  Book: 

Containing  several  thousand  Receipts  covering  the  latest,  most  im« 
portant,  and  most  useful  discoveries  in  Chemical  Technology,  and 
their  Practical  Application  in  the  Arts  and  the  Industries.  Edited 
chiefly  from  the  German  of  Drs.  Winckler,  Eisner,  Heintze,  Mier. 
zinski,  Jacobsen,  Koller  and  ilein^erliflo;,  with  additions  by  WM,  T. 
BRANNT  and  WM,  H.  WAHL,  Ph.  IX  Illustrated  by  78  engravings, 
121110.  495  P*ges #2,00 

BROWN.— *Five  Hundred  and  Seven  Mechanical  Movement® : 
Embracing  all  those  which  are  most  important  in  Dynamics,  Hy 
draulics,  Hydrostatics,  Pneumatics,  Steam  Engines,  Mill  and  other 
Gearing,  Presses,  Horology,  and  Miscellaneous  Machinery  ;  and  in 
cluding  many  movements  never  before  published,  and  several  of 
which  have  only  recently  come  into  use,  By  HKNKY  T,  BROWN, 
nmo $1,00 

B0CKMASTER,— The  Elements  of  Mechanical  Physics : 
By  J,  C.  BUCKMASTER,      Illustrated  with  numerous  engravings, 
I2mo $I,OQ 

9ULLOCK.— The  American  Cottage  Builder : 
A  Series  of  Designs,  Plans  and  Specifications,  from  $200  to  $20,000, 
for 'Homes  for  t  the  People;  together  with  Warming,  Ventilation, 
Drainage,  Fainting  and  Landscape  Gardening,  Ily  JOHN  Binxocit, 
Architect  and  Editor  of  "The  Rudimentn  of  Architecture  nnd 
Building,"  etc,,  etc,  Illustrated  by  75  en^rftvinj/H,  8vo.  $2,50 

BULLOCK,— The  Rudiments  of  Architecture  and  Building : 
For  the  use  of 'Architects,  Builders,  Draughtsmen,  Machinists,  En- 

1  gineers  and  Mechanics.  Edited  by  JOHN  BULLOCK,  author  of "  The 
American  Cottage  Builder,"  Illustrated  by  250  Engravings,  8vo.$3,5o 

BURGH.— Practical  Rules  for  the  Proportions  of    Modem 

Engines  and  Boilers  for  Land  and  Marine  Purposes. 
By  N,  P.  BURGH,  Engineer,    lamo 11,50 

BYLE8.~- Sophisms   of  Free   Trade  and  Popular   Political 

Economy  Examined, 

By  a  BARRISTER  (Sm  JOHN 'BARNARD  BviJn,  Judge  of  Common 
He*s).  From  the  Ninth  English  Edition,  an  published  by  the 
Manchester  Reciprocity  Association,  I3mo*  .  .  *  (1,25 

BOWMAN.-The  Structure  of  the  Wool  Fibre  In  its  Relation 

to  the  Ufie  of  Wool  for  Technical  Purposes  : 
Being  the  substance,  with  additions,  of  Five  Lectures,  delivered  at 
the  request  of  the  Council,  to  the  members  of  the  Bradford  Technical 
College,  and  the  Society  of  Dyers  tod  CotorlsU.  By  F,  H.  BOW 
MAN,  I).  Sc,,  F,  R,  S;  &;  F,  L  S.  Illustrated  by  33  engravings, 
w W.SO 

BYRNE.-Hand-Book  for  the  Artisan,  Mechanic,  and  Engt* 
neer : 

*  Comprising  the  Grinding  and  Sharpening  of  Cutting  Tools,  Abrasive 
Processes,  Lapidary  Work,  Gem  and  Glass  Engraving,  Varntohing 
and  Lackering,  Apparatus,  Materials  amd  Process  for  Grinding  and 
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Polishing,  etc.  By  OLIVER  BYRNE.  Illustrated  by  185  wood  en 
gravings.  Svo $s»oc 

SYRNE.—Pocket-Book  for  Railroad  and  Civil  Engineers: 

Containing  New,  Exact  and  Concise1  Methods  for  Laying  out  Railroad 
Curves,  Switches,  Frog  Angles  and  Crossings ;  th<!  Staking  out  of 
work;  Levelling;  the  Calculation  of  Cuttings:  Embankments j  Earth- 
work,  etc,  By  OLIVER  BYRNE,  i8mo.,  full  bound,  pocket-book 
form $1,50 

bYRNE.— Tne  Practical  Metal- Worker's  Assistant ; 
Comprising  Metallurgic  Chemistry;  the  Arts  of  Working  all  Metals 
and  Alloys ;  Forging  of  Iron  and  Steel;  Hardening  and  Tempering; 
Melting  and  Mixing;  Casting  and  Founding;  Works  in  Sheet  Metal; 
the  Processes  Dependent  on  the  Ductility  of  the  Metals;  Soldering; 
and  the  most  Improved  Processes  and  Tools  employed  by  Metal 
workers*  With  the  Application  of  the  Art  of  Electro-Metallurgy  to 
Manufacturing  Processes;  collected  from  Original  Sources,  and  from 
the  works  of  HolUapffel,  Bergeron,  Leupold,  Plunder,  Napier, 
SeofTern,  Clay,  Fairbairn  and  others,  By  OUVRR  BYRNE,  A  new, 
revised  and  improved  edition,  to  which  is  added  an  Appendix,  con 
taining  The  Manufacture  of  Rusniau  Sheet-Iron,  By  JOHN  PERCY, 
M.  !),,  K  R.  8,  The  Manufacture  of  Malleable  Iron  Castings,  and 
Improvements  in  BcMemer  Steel  By  A,  A.  FKSQUBT,  Ckmtst  and 
Engineer.  Wilh  over  Six  Hundred  Engravings,  Illustrating  every 
Branch  of  the  Subject,  Svo &.og 

BYRNE, -The  Practical  Model  Calculator; 
For  the  Engineer,  Mechanic,  Manufacturer  of  Engine  Work,  Natai 
Archkeci,  Miner  and  Millwright,     By  OLIVER  BYRNE,    8vo,»nearlj 
600  pages         •       . (Scarce. ) 

COUNET  MAKER'S  ALBUM  OF  FURNITURES 
Comprising  a  Collection  of  Designs  for  various  Styles  of  Furnltwm, 
UluHtnued  by  Forty-eight  Large  and  Beautifully  Engraved  Plates, 
Oblong,  Hvo •    .  #1.50 

0 ALLINQHAM,-Sign  Writing  «nd  Glass  Embossing : 
A  Complete  Practical  Illustrated  Manual  of  the  Art.    By  JAMES 
CAmNOHAM,    To  which  we  added  Numerous  Alphabets  and  the 
Art  of  Letter  Mating  Made  Easy,   By  JAMES  C.  BADBNQCH,    258 

l>uj;es,     121110.         ,  |l.5o 

CAMP1N.— A  Practical  Treatise  on  Mechanical  Engineering s 

Comprtein^  Metallurgy^  Moulding,  Casting,  Forging,  Tools,  Work^ 

shop  Machinery,  Mechanical  Manipulation,  Manufacture  of  Steam* 
Engines,  cic,  With  an  Appendix  on  the  Analysis  of  Irorj  and  Iron 
Ores*  Bv  Fi*  ANCIS  CAMPIN,  C,  E,  To  which  are  added,  Observations 
oo  the  CoitBtructkm  of  Steam  Boilers,  and  Remarks  upon  Furnaces 
wed  for  Smoke  Prevention;  with  a  Chapter  on< Explosions,  By  R* 
ARMSTRONG,  C.  E,»  and  JOHN  BOUENK,  (Scarce,) 
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"CAREY.—  A  Memoir  of  Henry  C.  Carey. 

By  DR,  WM,  KLDKR,    With  u  portrait.    8voM  cloth       .       ,       75 

CAREY.-The  Works  of  Henry  C,  Carey  :   , 
Harmony  of  Interests  :  Agricultural,  Manufacturing  and  Commer 
cial,    8vo,  .....  ,  $\,25! 

•  Manual  of  Social  Science.  Condensed  from  Carey's  «  Principles 
of  Social  Science,"  By  KATE  McKKAN.  I  vol.  I2mo.  ,  $2.00 
Miscellaneous  Works.  With  a  Portrait  2  vok  Svo*  Jxo.oQ1 
Past,  Present  and  Future.  Svo  ......  (2.50) 

"  Principles  of  Social  Science,  3  volumes,  Svo,  „  „  J/'^Q! 
The  Slave-  Trade,  Domestic  and  Foreign;  Why  it  Exists,  and" 
How  it  may  be  Extinguished  (1853).  $vo-  *  *  •  $2.00 
The  Unity  of  Law  :  A^  Exhibited  in  the  Relations  of  Physical, 
Social,  Mental  and  Moral  Science  (1872),  Svo.  .  ,  £2,50 

CLARK.—  Tramways,  their  Construction  and  Working; 
Embracing  0  Comprehensive  History  of  the  System.  With  an  ex* 
haustive  analysis  of  the  various  modes  of  traction,  including  horse 
power,  steam,  heated  water  and  compressed  air;  a  description  of  the 
varieties  of  Rolling  stock,  and  ample  detail*  of  cost  and  working  ex 
penses.  By  D,  KINNEAR  CLARK,  Illustrated  by  over  200  wood 
engravings,  and  thirteen  folding  plates,  I  vol  8vo,  ,  $roo 

COLBURN,—  The  Locomotive  Engine  : 
Including  a  Description  of  its  Structure,  Rules  for  Estimating  its 
Capabilities,  and  Practical  Observations  on  its  Construction  and  Man 
agement    By  ZERAH  COLBURN.  Illustrated,    i2mo,       ,      $1,00 

COLLENS.—  The  Eden  of  Labor;  or,  the  Christian  Ittopia. 
By  T.  WHARTON  COLLINS,  author  of  *'  Hwnanica,"  "  The  Historj 
of  Charity,"  etc,    I2mo»    Paper  cover,  |i,ooj  Cloth        ,       $I»JK 

COOLEY.—A  Complete  Practical  Treatise  on  Perfutnexy  ; 
Being  a  Hand-book  of  Perfumes,  Cosmetics  and  other  Toilet  Article 
With  a  Comprehensive   Collection  of  Formula?.    By  ARNOLD 
CQQLBY, 


,         .       .......       t 

COOPER.—A  Treatise  on  the  us©  of  Belting  for  the  fraa* 
mission  of  Power, 

With  numerous  illustrations  of  approved  and  actual  methods  of  HP 
ranging  Main  Driving  and  Quarter  Twist  Belts,  and  of  Belt  Fasten 

ings.  Examples  and  Rules  in  great  number  for  exhibiting  and  eat* 
culating  the  size  and  driving  power  of  Belts,  Plain,  Particular  and 
Practical  Directions  for  the  Treatment,  Care  and  Management  </ 
Belts,  Descriptions  of  many  varieties  of  Beltings,  together  with 
chapters  on  the  Transmission  of  Poww  by  Ropes;'  by  Iron  and 
Wood  Frictional  Gearing;  on  the  Strength  of  Belting  Leather:  and 
on  the  Experimental  Investigations  of  Morin,  Br%«.  and  others,  Bl 
JOHN  H.  COOPER,  M,  B.  8m  .  .  **  **& 

CRAIK.—The  Practical  American  Millwright  and  M^ltor* 
By  DAVID  CRAIK,  Millwright,    Illustrated  by  numerous  wood  « 
gravmgs  and  two  folding  plates,    Svo.      .  (Scarce  ) 
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CROSS.— The  Cotton  Yarn  Spinner: 

Showing  how  the  Preparation  should  be  arranged  for  Differem 
Counts  of  Yarns  by  a  System  more  uniform  than  has  hitherto  been 
practiced;  by  having  a  Standard  Schedule  from  which  we  make  all 
our  Changes,  By  RICHARD  CROSS.  122  pp.  ismo.  .  75 

CRlSTIANIr—  A.  Technical  Treatise  on  Soap  and  Candles: 

With  a  Glance  at  the  Industry  of  Fats  and  Oils.  By  R.  S.  Cms- 
TUN  I,  Chemist.  Author  of "  Perfumery  and  Kindred  Arts,"  Illus 
trated  by  176  engravings.  581  pages,  $vo.  (15.00 

COURTNEY.— -The  Boiler  Maker's  Assistant  In  Drawing, 
Templating1,  and  Calculating  Boiler  Work  and  Tank 
Work,  etc. 

Revised  by  I),  K.  CLARK,    102  ills.    Fifth  edition,     .       .       80 
COURTNEY  .—The  Boiler  Maker's  Ready  Reckoner: 
With  Examples  of  Practical  Geometry  and  Templating.    Revised  by 
D,  K.  CLARK,  C  E.    37  illustrations,    Fifth  edition.      •       $1.60 

DAVIDSON,— A  Practical  Manual  of  House  Painting,  Grain 
ing,  Marbling,  and  Sign- Writing1; 

Containing  full  in  formal  km  on  the  processes  of  House  Painting  in 
Oil  and  Distemper,  the  Formation  of  Letters  and  Practice  of  Sign- 
Writing,  the  Principles  of  Decorative  Art,  a  Course  of  Elementary 
Drawing  for  House  Painters,  Writers,  etc,,  and  a  Collection  of  Useful 
Receipts,  With  nine  colored  illustrations  of  Woods  and  Marbles, 
and  numerous  wood  engravings,  By  ELLIS  A,  DAVIDSON.  I2mo» 

#2,00 

DAVIES*— A  Treatise  on  Earthy  and  Other   Minerals  and 

Mining: 

Bv  D,  C.  DAVIKS,  F.  0,  S,,  Mining  Engineer,  etc.  Illustrated  by 
76  Engravings,  lamo.  .  .  ,  .  .  .  .  #5.00 

DAVIES,— A  Treatise  on  Metalliferous  Minerals  and  Mining; 

By  I),  C.  DAVIKS,  F,  G,  8  ,  Mining  Engineer,  Examiner  of  Mines, 
Quarries  and  Collieries,  IlluKtrated  by  148  engravings  of  Geological 
formations,  Mining  Operations  and  Machinery,  drawn  from  the 
practice  of  all  parts  of  the  world.  Fifth  Edition,  thoroughly  Revised 
and  much  Enlarged  by  his  son,  E.  Henry  Davies.  iftmo.,  $24 
paga .  $5.00 

I)  A  VIES*— A  Treatise  on  Slate  and  Slate  Quarrying: 
Scientific*  Practical  and  Commercial    By  D,  C  DAVIIS,  F.  G,  S,, 

Mining  Engineer,  etc.    With  numerous  illustrations  and  folding 

plates.     22E10, ,        $1,20 

DAVIS,— A  Practical  Treatise  on  the  Manufacture  of  Brick, 

*!riles  and  Terra- Gotta ; 

Including  Stiff  Clay,  Dry  Clay,  Hand  Made,  Pressed  or  Front,  and 
Roadway  Paving  Wrick,  Enamelled  Brick,  with  Glasses  and  Colors, 
Fire  Brick  and  Bloeb,  Silio*  Briek,  Carbon  Brick,  Giro  Pots,  Re* 
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torts,  Architectural  Terra-Cotta,  Sewer  Pipe,  Drain  Tile,  Glared  and 
Unbiassed  Roofing  Tile,  Art  Tile,  Mosaics,  and  Imitation  of  Tntarsia 

or  Inlaid  Surfaces.    Comprising  every  product  of  Clay  employed  in 
Architecture,  Engineering,  and  the  Blast  Furnace,     With  a  Detailed 
Description  of  the  Different  Clays   employed,  the   Most  Modern 
Machinery,  Tools,  and  Kilns  used,  and  the  Processes  for  Handling, 
Disintegrating,  Tempering,  and  Moulding;  the  Clay  into  Shape,  Dry 
ing,  Setting,  and  Burning,,     By  Charles  Thomas  Davis.     Third  Edi 
tion.    Revised  and  in  great   part  rewritten.     Illustrated    by  261 
engravings*    662  pages    .,....«     $12,50 
DAVIS.— A  Treatise  on  Steam-Boiler  Incrustation  and  Meth* 
ods  for  Preventing  Corrosion  and  the  Formation  of  Scale; 
By  CHARLES  T.  DAVIS.    Illustrated  by  65  engravings,    &vo, 
DAVIS.— The  Manufacture  of  Paper; 

Being  a  Description  of  the  vnrion>  Processes  for  the  Fabrication, 
Coloring  and  Finishing  of  every  kind  of  Paper,  Including  the  Dif 
ferent  Raw  Materials  and  the  Methods  for  Determining  their  Values, 
uie  Tools,  Machines  and  Practical  Details  connected  with  an  intelli 
gent  and  a  profitable  prosecution  of  the  art,  with  special  reference  to 
the  best  American  Practice.  To  which  are  added  a  History  of  Pa 
per,  complete  Lists  of  Paper-Making  Materials,  List  of  American 
Machines,  Tools  and  Processes  used  in  treating  the  Raw  Materials, 
and  in  Making,  Coloring  and  Finishing  Paper,  By  CHARLES  T, 
DAVIS.  Illustrated  by  156  engravings.  608  pages,  Svo*  $6,00 
DAVIS.— The  Manufacture  of  Leather; 
Being  a  Description  of  all  the  Processes  for  the  Tanning  and  Tawing 
with  Bark,  Extracts,  Chrome  and  all  Modern  Tannages  in  General 
Use,  and  the  Currying,  Finishing  and  Dyeing  of  Every  Kind  of  Leather; 
Including  the  Various  Raw  Materials,  the  Tools,  Machines,  and  all 
Details  of  Importance  Connected  with  an  Intelligent  and  Profitable 
Prosecution  of  tbe  Art,  with  Special  Reference  to  the  Bent  American 
Practice.  To  which  are  added  Limn  of  American  Patew«  (1 884*- 189 7) 
for  Materials,  Processes,  Tools  and  Machines  for  Tanning,  Currying, 
etc.  3y  CHARLES  THOMAS  DAVIS,  Second  Edition,  Revised,  and 
in  great  part  Rewritten,  Illustrated  by  147  engravings  and  14  S«m- 
pies  ol  Quebracho  Tunned  and  Aniline  Dyed  Leathern,  8vo,  cloth, 

712  pages.    Price $10.00 

DAWIDOWSKY-BRANNT.—A  Practical  Treatise  on  the 
Raw  Materials  and  Fabrication  of  Glue,  Gelatine,  Gelatine 
Veneers  and  Foils,  Isinglass,  Cements,  Pastes,  Mucilages, 
etc. ; 

Based  upon  Actual  Experience,  OBy  F,  DAWIDOWKKY,  Technical 
Chemist.  Translated  from  the  German,  with  extensive  addition^ 
including  a  description  of  the  most  Recent  American  Pro«mes»  by 
WIUJAM  T.  URANNT.  2tl  revised  edition,  350  pagea,  (1905.) 

Price ^,00 

DE  GRAFF.— The  Geometrical  Stair-Builders*  Guide  ? 
Being  a  Plain  Practical  System  of  Hand-Railing,  embracing  nil  it* 
necessary  Details,  and  Geometrically  Illustrated  by  twenty. two  Stee 
Engravings;  together  with  the  use  of  the  most  approved  prmcipta 
of  Practical  Geometry      By  SIMON  OK  GRAFF,  Architect    (ftc*u<  c.i 
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DB  KONINCK—  DIETZ,—  A  Practical  Manual  of  Chemical 

Analysis  and  Assaying  : 

As  applied  to  the  Manufacture  of  Iron  from  its  Ores,  and  to  Cast  Iron, 
Wrought  Iron,  ami  Steel,  as  found  in  Commerce,    By  L,  L.  Dl 

KONINCK,  Dr.  Sc.,  and  E,  Dim,  Engineer.  Edited  with  Notes,  by 
ROBERT  MALLET,  R  R,  S,,  F.  S,  G.,  M.  L  C.  E*,  etc.  America* 
Edition,  Edited  with  Notes  and  an  Appendix  on  Iront  Ores,  by  A.  A. 
FKSQUET,  Chemist  and  Engineer,  I2mo.  .  .  „  $1.50 
0N  CAN.—  Practical  Surveyor's  Guide; 
Containing  the  necessary  information  to  make  any  person  of  corw 
mon  capacity,  a  finished  land  surveyor  without  the  aid  of  a  teacher 
By  ANDREW  DUNCAN,  Revised,  72  engravings,  2  14  pp.  I2mo,  $1,50 

DUPLAIS.  —  A  Treatise  on  the  Manufacture  and  Distillation 

of  Alcoholic  Liquors: 

Comprising  Accurate  and  Complete  Details  in  Regard  to  Alcohol 
from  Wine,  Holmes,  Beets,  Grain,  Rice,  Potatoes,  Sorghum,  Aspho 
del,  Fruits,  etc,  ;  with  the  Distillation  and  Rectification  of  Brandy, 
Whiskey,  Rum,  Gin,  Swiss  Absinthe,  etc.,  the  Preparation  of  Aro* 
UMtic  Waters,  Volatile  Oils  or  Essences,  Sugars,  Syrups,  Aromatit 
Tinctures,  Liqueurs,  Cordial  Wines,  Effervescing  Wines,  etc.,  tito 
Ageing  of  Brandy  and  the  improvement  of  Spirits,  with  Cppioai 

*  Directions  and  Tables  for  Testing  and  Reducing  Spirituous  Liquor*, 
etc*  etc.  Translated  and  Edited  from  the  French  of  MM.  DIJH,AI% 
By  M,  McKKNNiB,  M,  D.  Illustrated,  743  pp,  Svo.  $15.00 

DYER  AND  COLOR-MAKER'S  COMPANION: 
Containing  upwards  o(  two  hundred  Receipts  for  making  Colors,  on 
the  most  approved  principles,  for  all  the  various  styles  and  fabrics  now 
In  evidence  ;  with  the  bcouring  1'rocess,  and  plain  Directions  for 
Preparing,  Washmg«o(F,  and  Finishing  the  Goods,     tamo,       $t  oo 

EIDHRRR,—"  The  Techno-Chemical  Guide  to  Distillation; 
A  Hand-Book  lor  the  Manufacture  of  Alcohol  and  Alcoholic  Liquors, 
including  the  Preparation  of  Mult  and  Compressed  Yeast.    Edited 
from  the  Gorman  of  Ed.  Eidherr. 

EDWARDS,—  A  Catechism  of  the  Marine  Steam-Engine, 
For  the  use  of  Engineers,  Firemen,  and  Mechanica.  A  Practical 
Work  for  Pnunical  M«:ii,  Ily  EMORY  EDWARDS,  Mechanical  Engi* 
new,  Illunt  rated  by  nixty-three  Engravings  including  examples  n{ 
ihe  most  modern  KugineM,  Third  edition^  thoroughly  revised,  with 
much  additional  matter,  iamo»  414  pages  »  .  ,  |2  oo 

EDWARDS*—  Modern  Atnerican  Locomotive  Engines, 
Their  Design,  Construction  and  Management.    By  EMORY  EDWARDS*, 
Illustrated  I2mo  ......    .  .       «       » 


EDWARDS*—  The  American  Steam  Engineer  s 

Theoretical  an<l  Practical,  with  examples  or  the  latent  and  most  ap 
proved  American  practice  in  t'he  design  and  construetipn  of  Steam 

EKiginw  and  Boilers,  For  the  use  or  engineers,  machinists,  boiler- 
tinkers,  and  engineering  itudenis.  .  By  EMORY  'EDWARDS*  Fully 
4x9  pages*  Idmo,  « 
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EDWARDS.-— Modem  American  Marine  Engines,  Boilers,  and 

Screw  Propellers, 

Their  Design  and  Construction,  Showing  the  Present  Practice  ot 
the  most  Kminent  Engineers  and  Marine  ttnginc  Builders  in  the 
United  States,  Illustrated  by  30  lar^e  and  elaborate  plates.  410.  $>5.oa 
EDWARDS.— The  Practical  Steam  Engineer's  Guide 
In  the  Design,  Construction,  and  Management  of  American  Stationary, 
Portable,  and  Steam  Fire- Engines,  Steam  Pumps,  Boilers,  Injector^ 
Governors,  Indicators,  Pistons  and  Rings,  Safety  Valves  and  Steam 
Gauges.  For  the  use  of  Engineers,  Firemen,  and  Steam  Users,  By 
EMORY  EDWARDS.  Illustrated  bjy  119  engravings.  ^20  pages, 

I2mo fa  54 

EISSLER — The  Metallurgy  of  Silver ; 
A  Practical  Treatise  on  the  Amalgamation,  Roasting,  and  Lixivwtkm 
of  Silver  Ores,  including  the  Assaying,  Melting,  and  Refining  of 
Silver   Bullion.    By    M.    EISSLKR,    124    Illustrations,     336   pp, 

J2mo $4.25 

ELDER.— Conversations  on  the  Principal  Subjects  of  Political 

Economy. 

By  DR,  WILLIAM  ELDER.    8vo,      ,  »       #2.50 

ELDER.— Questions  of  the  Day, 

Economic  and  Social.  By  DR.  WILLIAM  ELDKR.  8vo.  .  $3.00 
ERNI  AND  BROWN.— Mineralogy  Simplified, 
Easy  Methods  of  Identifying  Minerals,  including  Ores,  by  Means  of 
the  Blow-pipe,  by  Flame  Reactions,  by  Humid  Chemical  Analysis, 
and  by  Physical  Tests.  By  HENRI  ERNI,  A,  M,,  M,  I),  Third  Edi 
tion,  revised,  re-arranged  and  with  the  addition  of  tMitirely  new  matter, 
including  Tables  for  the  Determination  of  Minerals  by  Chemical  and 
Pyrognostic  Characters,  and  by  Physical  Characters  By  AMOS  P. 
BROWN,  B.  M,,  Ph,  I),  350  pp.,  illustrated  by  96  engraving*,  pocket- 
book  form,  full  flexible  morocco,  gilt  edges  ,  .  ,  #2,50 
FAIR&AIRN,  The  Principles  of  Mechanism  and  Machinery 

of  Transmission ; 

Comprising  the  Principles  of  Mechanism,  Wheels,  and  Pulley*, 
Strength  and  Proportion  of  Shafts,  Coupling  of  Shafts,  and  E«gag. 
ing  and  Disengaging  (Sear,  By  Sm  WILLIAM  FAIEHAIRN,  liart 
C.  E.  Beautifully  illustrated  by  over  150  woo'd-cuUu  In  one 
volume,  laxno.  ,  .  t  .  .  .  »  ,  $2,00 
FLEMING.— Narrow  Gauge  Railways  in  America : 
A  Sketch  of  their  Rise,  Progress,  and  Success,  Valuable  Statistics 
as  to  Grades,  Curves;  Weight  of  Rail,  Locomotives,  Cars,  etc.  By 

HOWARD  FLEMING,    Illustrated,  8vo $1,00 

FORSYTH.— Book  of  Designs  for  Headstones,  Mural,  and 

other  Monuments  : 

Containing  78  Designs,    By  JAMES  FORSYTE,    With  an  Introduction 
by  CHARLES  BQUTKLL,  M.  A.    4to,,  cloth      .        ,       .       #3.50 
FRIEDBBRG.    Utilization  of  Bone®  by  Chemical  Means* 
especially  the  Modes  of  Obtaining  Fat,  Glue,  Manures! 
Phosphorus  and  Phosphates. 
Illustrated.    8vo.     (In  preparation,) 
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FRANKBL— HUTTER.—A  Practical  Treatise  on  the  Mann* 
facture  of  Starch,  Glucose,  Starch-Sugar,  and  Dextrine:' 

Based  on  the  Gemnm  of  LADLSLAUS  VON  WAQNKR,  Professor  in  the 
Royal  Technical  High  School,  Buda*Pest,  Hungary,  and  other 
authorities.  By  Jiruus  FRANKKL,  (Graduate  of  the  Polytechnic 
School  of  Hanover,  Edited  by  ROBERT  HUTTKR,  Chemist,  Practical 
Manufacturer  of  Starch-Sugar.  Illustrated  by  58  engravings,  cover 
ing  every  branch  of  the  subject,  including  examples  of  the  most 
Recent  and  liest  American  Machinery.  8vo,,  344  pp,  $6,00 

GARDNER.— The  Painter's  Encyclopaedia: 
Containing  Definitions  of  all  Important  Words  in  the  Art  of  Plain 
and  Artistic  Painting,  with  Details  of  Practice  in  Coach,  Carriage, 
Railway  (Jar,  House,  Sign,  and  Ornamental  Painting,  including 
Graining  Marbling,  Staining,  Varnishing,  Polishing*  Lettering, 
Stenciling,  Gilding,  liroiuing,  etc,  By  FRANKLIN  B,  GARDNER, 
158  Illustrations,  121110.  427  pp,  ,  #2,06 

0ARDNBR,~Everybody'8  Paint  Book  : 
A  Complete  Guide  to  the  Art  of  ( lutcloor  and  Indoor  Painting.    38 
illustrations     ismo,  183  pp     .       .       ,        .        .        .       $1.00 

GEE.— The  Jeweller's  Assistant  in  the  Art  of  Working  in 

Gold; 
A  Practical  Treatise  foi  Masters  and  Workmen,    lamo,     ,      $$.oo 

©BE.— The  Goldsmith's  Handbook : 

Containing  full  instructions  for  the  Alloying  and  Working  of  Gold, 
including  the  Art  of  Alloying,  Melting,  Reducing,  Coloring,  Col. 
lectiugi  and  Refining;  the  Processes  of  Manipulation,  Recovery  of 
Waiste;  Chemical  and  Physical  Properties  of  Gold;  with  a  New 
System  of  Mixing  its  Alloys;  Solders,  Knamela,  and  other  Useful 
Rulea  and  Recipes,  Hy  GKO'RCM  K.  GKK,  I2mo. ' ,  .  11,25 

GEE.— -The  Silversmith's  Handbook : 
Containing  full  hihU'ueiiouH  fur  the  Alloying  and  Working  of  Silver, 
including  the  different  modes  of  Re(imr>*  ind  Melting  the  Metal;  its 
Solders;  the  Preparation  of  Imitation  Alloys;  Methods  of  Manipula 
tion;  Prevention  of  Wtwte ;  Instruction*  for  Improving  and  Finishing 
the  Surface  of  the  Work ;  together  with  other  Useful  Information  una 
Memoranda,  By  GROiiOE  E.  GEK,  Illuatruted,  xamo,  11,35 

GOTHIC  ALBUM  FOR  CABINET-MAKERS: 
Deilgn*  for  Gothic  Furnitures,    Twenty-three  plates.    Oblong  $1.50 

C&RANT,— A  Handbook  on  the  Teeth  of  Gears  t 
Their  Curve*,  Properties,  and  Practical  Construction.    By  GEO&&B 
B,  GRANT,    IlluBtratecl    Third  Edition,  enlarged.    8vo.        #1.00 

3REBNWOOD,--Steel  and  Ironj  • 

Comprising  the  Practice  and  Theory  of  the  Several  Methods  Pur 
sued  in  their  Manufacture,  and  of  their  Treatment  In  the  Rolling* 
Mills,  the  Forge,  and  the  Foundry,  By  WILLIAM  HENRY  GREKN* 
WOOD,  F*  0.  S.  With  97  Diagrams,  536  page**.  iamo,  11.75 
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GREGORY,— Mathematics  for  Practical  Men ; 

Adapted  to  the  Pursuits  of  Surveyors,  Architects,  Mechanics,  and 
Civil  Engineers.  By  OUNTHUS  URKGORY,  8vo,s  plates  $3,00 

GRISWOLD. — Railroad  Engineer's  Pocket  Companion  for  thi 

Field: 

Comprising  Rules  for  Calculating  Deflection  Distances  and  Angles^ 
Tangential  Distances  and  Angles,  and  all  Necessary  Tables  for  En 
pincers;  also  the  Art  of  Levelling  from  Preliminary  Survey  to  :b<j 
Construction  of  Railroads,  intended  Expressly  for  the  Young  E&' 
gineer,  together  with  Numerous  Valuable  Rules  and  Examples,  Bjf 
W,  GRISWOLD.  I2mo,t  tucks $1*50 

"GRUNER,— Studies  of  Blast  Furnace  Phenomena: 
By  M,  L.  GRUNKR,  President  of  the  General  Council  of  Mines  0! 
France,  and  lately  Professor  of  Metallurgy  at  the  Ecole  dts  Mines, 
Translated,  with  the  author's  sanction,  with  an  Appendix,  by  L  I), 
B.  GORDON,  F,  R.  S,  E.,  F,  G,  S.    8vo,          .       ,       .      12,50 

Hand-Book  of  Useful  Tables  for  the  Lumberman,  Farmei  and 
Mechanic : 

Containing  Accurate  Tables  of  Logs  Reduced  to  Inch  Board  Meas* 
ure,  Plank,  Scantling  and  Timber  Measure  j  Wages  and  Rent,  by 
Week  or  Month;  Capacity  of  Granaries,  Bins  and  Cisterns;  land 
Measure,  Interest  Tables,  with  Directions  for  Finding  the  Interest  on 
any  sum  at  4, 5,  6,  7  and  8  per  cent,,  and  many  other  Useful  Tables. 
32  mo,,  boards,  186  pages  ......  ,2j 

HASERICK.— The  Secrets  of  the  Art  of  Dyeing  Wool,  Cotton, 

and  Linen, 

Including  Bleaching  an/.  Coloring  Wool  and  Cotton  Hosiery  and 
Random  Yarns.  A  Treatise  based  on  Economy  and  Practice,  By 
E,  C,  HASERICK,  Illustrated  by  323  Dytd  Patterns  of  tht  Yam\ 
or  fabrics \  8vo,  ,  i  ,,,,,.  JU.ou 

HATS  AND  FELTING : 

A  Practical  Treatise  on  their  Manufacture*  By  a  Practical  Hatter, 
Illustrated  by  Drawings  of  Machinery,  etc,  8vo,  *  .  $I,QQ 

HERMANN.— Painting  oh  Glass  and  Porcelain,  and  Enamel 

Painting: 

A  Complete  Introduction  to  the  Preparation  of  all  the  Colors  and 
Fluxes  Used  for  Painting  on  Glass,  Porcelain,  Enamel,  Faience  and 
Stoneware,  the  Color  Pastes  and  Colored  Glasses,  together  with  a 
Minute  Description  ot  the  Firing  ot  Colon  and  Enamels,  on  th« 
Basis  of  Personal  Practical  Experience  of  the  Art  up  to  Date.  18 
illustrations.  Second  edition,  .  *  »  ,  » 

HAUPT,— Street  Railway  Motors: 
With  Descriptions  and  Cost^of  Plants  and  Operation  of  the  Vwioui 
Svstems  now  in  Use.    I2iv»^  »       •       ,       ,       |l»75 
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HAUPT,— A  Manual  of  Engineering  Specifications  and  Con- 

tracts. 

By  LEWIS  M,  HAUPT,  C,  E,    Illustrated  with  numerous  maps 

328m>.    Svo *.  *L 


HAUPT,—  The  Topographer,  His  Instruments  and  Methods, 

By  LEWIS  M,  HAW>T,  A,  M.,  C.  E.    Illustrated  with  numerous 

plates,  maps  and  engravings.    247  pp,   8vo.    .       f       ,       $3,00 

HUGHES,—  American  Miller  and  Millwright's  Assistant: 

*  By  WILLIAM  CARTER  HUGHES,    xamo  .....       $*•$<> 

B0LME,—  Worked  Examination  Questions  in  Plane"  Geomet 

rical  Drawing  ; 

tor  the  Use  of  Candidates  for  the  Royal  Military  Academy,  Wool- 
wichj  the  Royal  Military  College,  Sandhurst  ;  the  Indian  Civil  En, 
jrineering  College,  Cooper's  Hill  ;  Indian  Public  Works  and  Tele* 
graph  Departments  ;  Royal  Marine  Light  Infantry  ;  the  Oxford  and 
Cambridge  Local  Examinations,  etc.  By  F.  EDWARD  HULMR,  F.  L, 
$.,  F.  S.  A,,  Art-Master  Marlborough  College.  Illustrated  by  300 
example*;.  Small  quarto  .....  „  «T  < 
EHV  XS.TRtilixMMl  Property  : 

A  Treatise  <m  the  Construction  and  Management  of  Railways: 
dcHiRiied  to  afford  tuteful  knowledge,  in  the  popular  style,  to  the 
holders  of  this  class  of  property;  as  well  as  Railway  Managers,  Offi 
cew,  and  Agents,  By  JOHN  B,  JERVIS,  late  Civil  Engineer  of  the 
Hudson  River  Railroad,  Crototi  Aqueduct,  etc.  lamo.,  cloth  $i  c0 
KEENE.—  A  Hand-Book  of  Practical  Gauging-:  "5 

For  the  URC  of  Beginners,  to  which  is  added  a  Chapter  on  Distilla 
tion,  describing  the  process  in  operation  at  the  Custom-  House  foi 
ascertaining  the  Strength  of  Wines.  By  JAMES  B,  KBKNR,  of  11  M, 
8vo« 


,         «         »••.,.,„  , 

KELLEY.—  Speeches,  Addresses,  and  Letters  on  Industrial  and 

Financial  Questions  : 
By  HON,  WILLIAM  1),  KELLKY,  M,  C.    ^44  pages,  8vo,  .       $2,50 

(CELLOGG.—A  New  Monetary  System  ; 
The  only  means  of  Securing  (he  respective  Rights  of  Labor  awd 
Property,  and  of  Protecting  the  Public  from  Financial  Revulsions, 
By*  EDWAHD  KRLLOOO,    lamo,    Papw  cover,  $1,00,    Bound  jn 
doth  ...........       |L2S 

KEMLO.—  Watch«Reptirerf8  Hand-Book  : 
Being  a  Complete  Guide  to  the  Young  Begirjner,  in  Taking  Apart, 
Putting  Together,  and  Thoroughly  Cleaning  the  English  Lever  and 
other  foreign  Watches,  and  ail  American  Watches,    By  F,  KftMiA 
l  Watchmaker.    With  TUimtrationi.    uma  $1,25 
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KBNTISH.r«A  Treatise  on  a  Box  of  Instruments, 

And  the  Slide  Rule ;  with  the  Theory  of  Trigonometry  and  Log* 
rithms,  including  Practical  Geometry,  Surveying,  Measuring  of  Tim 
ber,  Cask  and  Malt  Gauging,  Heights,  and  Distances.  By  THOMAJ 
KENTISH.  In  one  volume.  I2mo,  »  .  ,  .  $LOC 
KERL.— The  Assayer's  Manual: 

An  Abridged  Treatise  on  the  Docimastic  Examination  of  Ores,  and 
Furnace  and  other  Artificial  Products,  By  BRUNO  KKRL,  Professor 
in  the  Royal  School  of  Mines,  Translated  from  the  German  by 
WILLIAM  T.  BRANNT.  Second  American  edition,  edited  with  Ex 
tensive  Additions  by  P,  LYNWOOD  GARRISON,  Member  of  the 
American  Institute  of  Mining  Engineers,  etc*  Illustrated  by  87  en 
gravings.  Svo.  (Third  Kclithm  in  preparation. ) 
KICK.— Flour  Manufacture . 

A  Treatise  on  Milling  Science  and  Practice,  By  FREDERICK  KICK 
Imperial  Regierungsrath,  Professor  of  Mechanical  Technology  in  UK 
Imperial  German  Polytechnic  Institute,  Prague,  Translated  from 
the  second  enlarged  and  revised  edition  with  supplement  by  II,  11 
P.  POWLES,  Assoc.  Memb.  Institution  of  Civil  Engineers.  Illustrated 
with  28  Plates,  and  167  Wood-cuts,  367  pages.  Svo.  ,  $10,00 
CINQZETT.— The  History,  Products,  and  Processes  of  tho 

Alkali  Trade : 

t'ncluding  the  most  Recent  Improvements.    By  CHAELES  THOMAI 
v«vrc7,KTT.  Consulting  Chemist,   With  23  illustrations.   Svo.      $2,,ga 
KIRK.— The  Cupola  Furnace ; 

A  Practical  Treatise  on  the  Construction  and  Management  of  Foundry 

Cupolas*    By  EDWARD  KIRK,  Practical  Moulder  and  Melter»  Con* 

.  suiting  Expert  in  Melting,    illustrated  by  78  engravings.    Second 

Edition,  revised  and  enlarged,    450  pages.    8vo,     1903,        $3,50 

CANDRIN.— A  Treatise  *on  Steel  s 

Comprising  Its  Theory,  Metallurgy,  Properties,  Practical  Working, 
and  Use,    By  M,  H.  6.  LANDWN,  JR.    From  the  French,  by  A.  A, 

FESQUET.    i2mo.   ,  $2.5° 

LANGBEIN,— A,  Complete  Treatise  on  the  Blectro-Depost 

tion  of  Metals : 

Compriskig  Electro- Plating  and  Galvanoplastic  Operations,  the  De 
position  of  Metals  by  the  Contact  and  Immersion  Processes,  the  Color 
ing  of  Metals,  the  Methods  of  Grinding  and  Polishing,  as  well  as» 
Descriptions  of  the  Electric  Elements,  Dynamo- Electric  Machines, 
Thermo- Piles  and  of  the  Materials  and  Processes  used  In  Every  Do* 
partment  of  the  Ait*  From  the  German  of  OR,  GEORGE  LANGBBW. 
with  additions  by  WM,  T,  BRAHNT.  Fifth  Edition,  thoroughly  revised 
and  much  enlarged.  1 70  Engravings.  694  pages  Svo,  1905,  $4*00 
bARDNER.— -The  Steam-Engine: 

For  the  Use  of  Beginners.  Illustrated.  iam0*  «  »  *  60 
LEHNER.— The  Manufacture  of  Inki 
Comprising  the  Raw  Materials,  arid  the  Preparation  $f  Writing, 
Copying  and  Hektograph  Inks,  Safety  Inks,  Ink  Extracts  and  Pow. 
ders,  etc.  Translated  from  the  German  of  SlGMUND  LKHNKR,  with 
•Editions  by  WILLIAM  T»  BRANNT.  Illustrated.  laino, 
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LARKIN.— -The  Practical  Brass  and  Iron  Founder's  Guide  < 
A  Concise  Treatise  on  Brass  Founding,  Moulding,  the  Metals  and 
their  Alloys,  etc,;  to  which  arc  added  Recent  Improvements  iathf 
Manufacture  of  Iron,  Steel  by  the  Bessemer  Process,  etc.,  etc.  Bf 
JAMKS  LAKICIN,  lale  Conductor  of  the  Brass  Foundry -Department  u 
Rcany,  Noalie  &  Co.'s  Perm  Works,  Philadelphia,  New  edition* 
revised,  with  extensive  additions,  414  pages,  I2mo»  »  $2.5(1 

LRRQUX— -A   Practical    Treatise    on   the   Manufacture  of1 

Worsteds  and  Carded  Yarns ; 

Comprising  Practical  Mechanics,  with  Rules  and  Calculations  applied 
to  Spinning;  Sorting,  Cleaning,  and  Scouring  Wools;  the  English 
and  French  Methods  of  Combing,  Drawing,  and  Spinning  Worsteds, 
and  Manufacturing  Carded  Yams,  Translated  from  the  French  of 
CHARLES  LKROUX,  Mechanical  Engineer  and  Superintendent  of  a 
Spinning-Mill,  by  HORATIO  PA  INK,  M,  D.,  and  A.  A.  FKSQUET, 
Chemint  and  Engineer,  Illustrated  by  twelve  large  Plates,  To  which 
is  added  an  Appendix,  containing  Extracts  from  the  Reports  of  the 
International  fury,  and  of  the  Artisans  selected  by  the  Committee 
appointed  by  the  Council  of  the  Society  of  Arts,  London,  on  Woole* 
and  Worsted  Machinery  and  Fabrics,  as  exhibited  in  the  Paris  Uni* 
versal  Exposition,  1867.  8vo,  »  ,  .  •  .  .  $$m 

LBFFBL.— The  Construction  of  Mill-Dams  s 
Comprising  also  the  Buildin^of  Race  and  Reservoir  Embankment* 
und  Head-Oaten,  the  Measurement  of  Streams,  Gauging  of  Watei 
Supply,  etc,    By  JAMES  LKFKEL  &  Co,    Illustrated  by  58  engravings* 
Svo.         .  *         (Scarce,) 

LESLIE,— Complete  Cookery: 

Directions  for  Cookery  in  its  Various  Branches,  By  Miss  LESLIE, 
Sixtieth  thousand*  Thoroughly  revised,  with  the  addition  of  New 
Receipts,  I2mo,  ,  .  $1.50 

LE  VAN,— The  Steam  Engine  and  the  Indicator! 
Their  Origin  and  Progressive  Development;  including  the  Most 
Recent  Examples  of  Steam  and  Gas  Motors,  together  with  the  Indi 
cator,  its  Principles,  its  Utility,  and  its  Application.  By  WILLIAM 
BAHNOT  LK  VAN,  Illustrated  by  205  Engravings,  chiefly  of  Indi, 
cator-Cards.  469  pp,  Svo ,  $2,00 

LIBBER,— Asstyer's  Guide : 

Or,  Practical  Directions  to  Aisayers,  Miners,  and  Smelters,  for  the 
Tests  and  Assays,  by  Heat  and  by  Wet  Processes.,  for  the  Ores  of  all 
t>  principal, Metals,  of  Gold  and  Silver  Coins  and  Alloys,  and  of 
<5»1,  etc,  By  OSCAR  M,  Limn,  Revised,  283  pp.  xatnu  11,50 

tockwood*i  Dictionary  of  Terms  i 

Used  in  the  Practice  of  Mechanical  Engineering,  embracing  those 
Current  in  the  Drawing;  Office,  Pattern  Shop,  Foundry,  Fitting,  Turn- 
teg,  Smith's  and  Boiler  Shops,  etc.,  etc,,  comprising  upwards  of  Six 
Thousand  J'tofinitionH,  Edited  by  a  Foreman  Pattern  Maker,  author 
«f  **  Pattern  Making,"  4*7  PP*  «mo,  *  <  * 
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LUKIN.—The  Lathe  and  Its  Uses : 

Or  Instruction  in  the  Art  of  lurnhig  Wood  and  Metal*  Including 
a  Description  of  the  Most  Modern  Appliances  for  the  Ornamentation 
of  Plane  and  Curved  Surfaces,  an  Entirely  Novel  Form  of  Lathe 
for  Eccentric  and  Rose-Engine  Turning;  A  Lathe  and  Planing 
Machine  Combined;  and  Other  Valuable  Mutter  Relating  to  the 
Art.  Illustrated  by  462  engravings.  Seventh  edition,  315  pages, 
8vo 14,25 

MAIN  «md  BROWN. --Questions  on  Subjects  Connected  with 

the  Marine  Steam-Engine : 

And  Examination  Paper*;  with  Hints  for  their  Solution.  By 
THOMAS  J.  MAIN,'  Professor  of  Mathematics,  Royal  ^aval  College, 
and  THOMAS  BROWN,  Chief  Engineer,  R,  N.  iamo.,  cloth  .  $1,00 

MAIN  and  BROWN.— The  Indicator  and  Dynamometer! 
With  their  Practical  Applications  to  the  Steam-Kngine,    By  THOMAS 
I  MAIN,  M.  A.  F.  R.,  Ass't  S,  Professor  Royal  Naval  College, 
Portsmouth,  and  THOMAS  BROWN,  ASKOC.  Imt  C.  K,»  Chief  Engineer 
R,  N,,  attached  to  the  R.  N.  College.    Illustrated.    8vo.  , 

MAIN  and  BROWN,— The  Marine  Steam- Endue. 
By  THOMAS  J.  MAIN,  F.  R.  Ass't  S,  Mathematical  Professor  at  the 
Royal  Naval  College,  Portsmouth,  and  THOMAS  BROWN,  AKSOC. 
Inst.  C,  E,,  Chief  Engineer  R,  N,    Attached  to  the  Royal  Naval 
College.    With  numerous  illustrations.    8vo. 

MAKINS.—A  Manual  of  Metallurgy: 
By  GEORGE  HOGARTH  MAKINS.    100  engravings.    Second  edition 
rewritten  and  much  enlarged,    X2tfto,r  592  pages     . 

MARTIN. -Screw-Cutting  Tables,  for  the  Use  of  Mechanic*) 
Engineers : 

Showing  the  Proper  Arrangement  of  Wheeln  for  Cutting  the  Thready 
of  Screws  of  any  Required  Pitch  j  with  A  Table  for  Making  the  Uni 
versal  Gas-Pipe  Thread  and  Taps.  By  W,  A,  MARTIN,  Engineer, 
Jtoo.  •  •  *  t  «»•*»*  .50 

VICHELL.— Mine  Drainage? 

Being  a  Complete  and  Practical  Treatise  on  Direct-Acting  Uractar 
nxund  Steam  Pumping  Machinery.  With  a  I)e«criptiou  of  a  larm 
number  of  the  best  known  Engines,  their  General  Utility  and  ih« 
Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  mid 
their  Merits  compared  with  other  Pumping  Machinery.  By  STKPKEW 
MICKRIX.  Illustrated  by  247  engravrng^  8vo.f  36Q*pn^e«i,  #ia  ^o 

MOLESWORTH -Pocket-Book  of   Useful  'FoVmulie  and 
Metnoranda  for  Civil  and  Mechanical  Engineers* 
By  (JuiU'X)RD  L,  MOLESWORTH,  Member  of  the  Institution  of  Civil 
Engineers,  Chief  Resident  Engineer  of  the  Ceylon  Railway,    Full- 
bound  in  Pocket-book  form      ..**.,       |i,oa 
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HOORE.— The  Universal  Assistant  and  the  Complete  H* 

chanic : 

Containing  over  one  million  Industrial  Facts,  Calculations,  Receipta, 
Processes,  Trades  Secrets,  Rules,  Business  Forms,  Legal  Items,  JRtc., 
in  every  occupation,  from  the  Household  to  the 'Manufactory.  By 
R,  MOORK.  I llustnuVd  by  500  Engravings.  I2mo.  ,  #2.50 

MORRIS.-— Easy  Rules  for  the  Measurement  of  Earthworks : 
Ily  means  of  the  Prismoiclal  Formula,.  Illustrated  with  Nuraeroup 
Wood-Cuts,  Problems,  and  Examples,  and  concluded  by  an  Exten- 
sive  Table  for  finding  the  Solidity  in  cubic  yards  from  Mean  Areas, 
The  whole  being  adapted  for  convenient  use  by  Kn»>inem,  Surveyors^ 
Contractors,  and  others  needing  Correct  Measurements  of  Earthwork 
By  ELWOOD  MORUS,  C.  E.  Svo.  ,  $i.5« 

MAUCHLINE,  -The  Mine  Foreman's  Hand-Book 
of  Practical  an  I  Theoretical  Information  on  the  Opening,  Venti 
lating,  and  Working  of  Collieries,  Questions  and  Answers  on  Prac. 
tical  and  Theoretical  Coal  Mining,  Designed  to  Asuist  Students  and 
Others  in  Pausing  Examinations  for  Mine  Foremanships,  By 
ROBERT  MAIJCHLINK.  3d  Edition.  Thoroughly  Revised  and  En 
larged  by  F.  ERNEST  BRACKETS  134  engravings,  Svo.  378  pages. 
(I9«S) *...,*,  #3-75 

WAPIER.— A  System  of  Chemistry  Applied  to  Dyeing, 
By  JAMES  NAPIER,  K.  C,  S.  A  New  and  Thoroughly  Revised  Bdt> 
tionu  Completely  brought  up  to  the  present  state  of  the  Science, 
including  the  Chemistry  of  Coal  Tar  Colors,  by  A.  A,  FESQURT, 
Chemist  and  Engineer,  With  an  Appendix  o*'t  Dyeing  and  CaJicc 
Printing,  m  'shown  at  the  Universal  Exposition,  Paris,  1*867.  Illus 
trated,  Svo.  422  pa^s $3.00 

NEVILLE,— Hydraulic  Tables,  Coefficients,  and  Formula  to* 
finding  the  Discharge  of  Water  from  Orifices,  Nutchc» 
Weirs,  Pipes,  and  Rivers  i 

Third  Edition,  with  Additions,  consisting  of  Mew  Kornmins  for  the 
)ischarjj;c  from  Tidal  and  Klood  Sluices  and  Siphons;  general  infor 
nation  on  Rainfall,  Catchment-Hasina,  Drain&ofe,  Sewerage,  Wmer 
Supply  for  Towns  and  Mill  Power  Bv  TOWN  NIMM,K.  C,  K,  M  R 
I,  A.  5  Fellow  of  the  Royal  Geological  Society  of  Ireland,  Thldl 

tamo.      ,  ' IS»Sft 

JEWBBRY,'-" Gleanings    Irom    Ornamental    Art  of    eyerjf 

style ; 

Drawn  from  Examples  in  the  British,  South  Kensington,  Indian. 
(Irywiul  Palace*  and  other  Mu»eum«,  the  Kxhibiliona  of  1851  ana 
1862,  and  the  best  English  and  Foreign  workh.  In  a  series  of  100 
exquisitely  drawn  Plates,  containing  many  hundred  examples.  By 
ROBERT  NKWWKRV.  410,  ....  *  (Scuiee,) 

NICHOLLS.  --The  Theoretical  and  Practical  Boiler* Maker  anrf 

Engineer's  Reference  Books 

Owitamm^  a  vttru-ty  of  Useful  Information  for  Employers  of  Lat»or 
foreman  rvl  Wurkinu  lioikr-Makcn  Irc%  Copper,  at%d  Tinsmith* 
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Draughtsmen,  Engineers,  the  General  Steam-using  Public,  and  for  tfafl 
Use  of  Science  Schools  ami  (lasses.  By  SAM  ma  Nietlojxs.  Hint 
toted  by  sixteen  plates,  I2rm>.  .....  £2  Co 

NICHOLSON.—  A  Manual  of  the  Art  of  Bookbinding  : 
Containing  full  instructions  in  the  different  Branches  of  Forwarding 
Gilding,  and  Finishing    Also,  the  Art  of  Marbling  Ikwk-cdges  and 
Paper.    By  JAMKS  B,  NICHOLSON.    Illustrated,  lamo.,  cloth    $224 

NICOLLS.—  The  Railway  Builder:  ' 

A  Hand-Book  for  Estimating  the  Probable  Cost  of  American  Rail* 
way  Construction  and  Equipment  By  WILLIAM  J.  NICOLLS,  Civil 
Engineer,  Illustrated,  full  bound,  pocket-book  form  ,  #2,00 

NORMANDY,—  The  Commercial  Handbook  of  Chemical  An* 

alysis; 

Or  Practical  Instructions  for  the  Determination  of  the  Intrinsic  ot 
Commercial  Value  of  Substances  used  in  Manufacture*!,  in  Trades 
and  in  the  Arts,  By  A.  NORMANDY,  New  Edition,  Enlarged,  and 
Co  a  great  extent  rewritten,  By  HENRY  ML  NOAD,  Ph.D.,  'F.R.S, 
thick  i2mo  ..........  Scarce 

N  ORRIS,  —A  Handbook  for  Locomotive  Engineers  and  Mt« 

chinists  : 

Comprising  the  Proportions  and  Calculations  for  Constructing  Loco. 
motives;  Manner  of  Setting  Valves;  Tables  of  Squares,  Cubes,  Areas, 
etc.,  etc*  By  SEPTIMUS  NORRIS,  M.  E,  New  edition,  Illustrated, 

' 


.....       ,       .....          -c 
NY8TRQM.—  A  New  Treatise  on  Elements  of  Mechanics  : 
Establishing  Strict  Precision  in  the  Meaning  of  Dynamical  Terms  i 
accompanied  with  an  Appendix  on  Duodenal  Arithmetic  and  Me 
trology.    By  JOHN  W,  NYSTKOM,  C,  E,    Illustrated,    8vo, 
NYSTROM.—  On  Technological  Education  **nd  the  Construc 

tion  of  Ships  and  Screw  Propellers  : 

For  Naval  and  Marine  Engineers,    By  JOHN  W,  NYOTROM,  IHU 
Acting  Chief  Engineer,  U.  S.  N*    Second  edition,  revised,  with  tddi 
tional  matter,    IUu«trat«d  by  aeveti  engravings.    lamo,    ,       |j, 
0  NEILL,—  -A  Dictionary  of  Dyeing  and  Calico  Priming  2      /" 
Containing  a  brief  account  of  all  fhe  Substances  and  Processes]  c 
use  in  the  Art  of  Dyeing  and  Printing  Textile  Fabrics  5  with  Practto 
Receipts  and  Scientific  Information.    By  CHARLES  O'NmL,  AnalV 
tical  Chemist.    To  which  is  added  an  EWy  on  Coal  Tar  Colon  and 
their  application  to  Dyeing  and  Calico  Printing.    By  A,  A  FiwouKT 
Chemut  and  Engineer,    With  an  appendix  on  Dyeing  and  Calico 
innting,  as  shown  at  the  Universal  Exposition,  Pan\  1867     «vo 
491  pages         .  '      .  tanrl 

ORTON.—  Underground  Treasurer,  *  W 

How  and  Where  to  Find  Them  A  Key  for  tli<*  Ready  l)eterminatlo« 
fLtz^™**^  ^J"0"118  within  ^e  United  States.  By  JAMES 
OKTON,  AM,,  Late  Profeuor  of  Natal  History  In  VMIW  Colltw 
N,  Y  ;  author  of  the  «  Andes  and  the  A»won/«tc,  A  New  Pffl. 
Ijkstrated  Appendix  on  Ore  DePositi  wd  Teitfng  Minerals  (1901), 
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OSBORN.—  The  Prospector's  Field  Book  and  Guide, 

1  In  the  Search  For  ami  the  Easy  Determination  of  Ores  and  Other 

Useful  Minerals,    By  Pro!.  II.  S,  OsttORN,  LL  1),    Illustrated  by  66 

Engravings,    Sixth  Edition,    Revised  and  Enlarged;    360  pages, 

tamo,    (Dec,,  1903)    ,       ,       .       .       .       ,       \       $1,50 

PSBORN—  A  Practical  Manual  of  Minerals,  Mines  and  Min* 

,  in^  :,  , 

Comprising  the  Physical  Properties,  Geologic  Positions,  Local  Occur 
rence  and  Associations  of  the  Useful  Minerals;  their  Methods  of 
Chemical  Analysis  and  Assay  ;  together  with  Various  Systems  of  Ex 
cavating  and  Timbering,  Brick  and  Masonry  Work,  during  Driving, 
lining.  Bracing  and  other  Operations,  etc,  By  Prof,  II,  S,  OSBORN, 
LI  4,  l)n  Author  of  «Thc  Prospector's  Field-  Book  ami  Guide."  171 
engravings,  Second  Edition,  revised,  8vo.  .  .  .  $4,50 
.—  The  Manufacture  of  Steel  ; 


Containing  the  Practice  and  Principles  of  Working  and  Making  Steel 

A  Handbook  for  Blacksmiths  and  Workers  in  Steel  and  Iron,  wagon 

Makers,  Die  Sinkers,  Cutlers,  and  Manufacturers  of  Files  and  Hard 

ware,  of  Steel  and  Iron,  and  for  Men  of  Science  and  Art,    By 

FREDERICK  OVERMAN,  Mining  Engineer,  Author  of  the  (t  Manu 

facture  of  Iron,*'  etc,    A  new,  enlarged,  and  revised  Edition,    By 

At  A,  FESQWT,  Chemist  and  Engineer.    lamo,      ,      .      #1,50 

OVERMAN.—  The  Moulder's  and  Founder's  Pocket  Guide: 

A  Treatise  on  Moulding  and  Founding  in  Green-sand,  Dry-sand,  Loam, 

and  Cement}  the  Moulding  of  Machine  Frames,  Mill-gear,  Hollow* 

ware,  OrnameM»,Trinkcts,'Bcll8,and  Statues;  Description  of  Moulds 

for  Iron,  Bronze,  Brass,  and  other  Metals;  Plaster  of  Paris,  Sulphur, 

Wax,  etc,  ;  the  Construction  of  Melting  Furnaces,  the  Melting  and 

Founding  of  Metals  ;  the  Composition  of  Alloys  and  their  Nature, 

«tc,,  etc,    By  FREDERICK  OVKRMAN,  M,  K,    A  new  Edition,  to 

which  is  added  a  Supplement  on  Statuary  and  Ornamental  Moulding, 

Ordnance,  Malleable  Iron  Cartings,  etc,    By  A,  A.  FKSQUBT,  Chem* 

m  and  Engineer,    Illustrated  by  44  engravings.    I2tno.  .      |a.08 

PAINTEH,  GILDER,  AND  VARNISHER'S  COMPANION, 

Comprising  the  Manufacture  and  Test  of  Pigments,  the  Arts  of  Painfr 

Ing,  Graining)  Marbling,  Staining,  Sign-  writing.  Varnishing,  Glass- 

staining,  and  Gilding  cm  Glass;  together  wuh  Coach  Painting  and 

Varnishing  ami  the  Principles  of  the  Harmony  and  Contrast  of 

Colors.    Twenty-seventh  Edition,  .Revised,  Enlarged,  and  in  great 

part  Rewritten.    By  WILLIAM  T,  BRANNT,  Editor  of  '*  Varnishes, 

Lacquers,  Printing  Inks  and  Sealing  Waxes,"    Illustrated*    395  pp» 

I2mo.     ,,,,,......      |l.5o 

PALLETT,»-The  Miller's,  Millwright's,  and  Engineer's  Guide, 
By  HKNRY  PALLETT,   lllustmted,    tamo.     .      *      .      #2,00 
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PERCY,— The  Manufacture  of  Russian  Sluet-lron. 

By  JOHN  PKRCY,  M.  IX,  F.  R,  8.    Paper,      ,       ,       .       25  cts» 

PEkKINS.— Gas  and  Ventilation : 
Practical  Treatise  on  Gas  and  Ventilation*    Illustrated.    I2mo,   $1,25 

PERKINS  AND  STOW&,— A  New  Guide  to  the  Sheet-iron 

and  Boiler  Plate  Roller : 

Containing  a  Series  of  Tables  showing  the  Weight  of  Slate  and  Piki 
to  Produce  Boiler  Plates,  and  of  the  Weight  of  Piles  and  the  Sizes  of 
Bars  to  produce  Sheet-iron;  the  Thickness  of  the  Bar  Gauge 
in  decimals ;  the  Weight  i)er  foct,  and  the  Thicknesfc  on  the  Bar  or 
Wire  Gauge  of  the  fractional  parts  of  an  inch;  the  Weight  per 
sheet,  and  the  Thickness  on  the  Wire  Gauge  of  Sheet-iron  of  various 
dimensions  to  weigh  02  Ibs.  per  bundle  5  and  the  conversion  of 
Short  Weight  into  Long  Weight  and  Long  Weight  into  Short. 

|l.5o 

POSSELT.— « Recent  Improvements  in  Textile  Machinery  Re 
lating  to  Weaving ; 

Giving  the  Most  Modern  Points  on  the  Construction  of  all  Kinds 
of  Looms,  Warpers,  Beamers,  Slashers,  Winders,  Spoolers,  Reed*, 
Temples,  Shuttles,  Bobbins,  Heddles,  Ueddle  Frames,  Pickers, 
Jacquards,  -Card  Stampers,  etc,,  etc,  600  illus,  .  .  $3  oo 

POSSELT.— Technology  of  Textile  Design: 
The  Most  Complete  Treatise  on  the  Construction  and  Application 
of  Weaves  for  all  Textile  Fabrics  and  the  Analysis  of  Cloth,    By  E, 
A.  Posselt.    1,500  illustrations,    410 $5,06 

POSSELT. — Textile  Calculations : 

A  Guide  to  Calculations  Relating  to  the  Manufacture  of  all  Kinds 
of  Yarns  and  Fabrics,  the  Analysis  of  Cloth,  Speed,  Power  and  Belt 
Calculations*  By  E.  A,  PosSKLX,  Illustrated*  4to.  ,  $2,00 

REGNAULT .— -  Elements  of  Chemistry* 
By  M.  V.  R'BGNAVLT,  Translated  from  the  French  by  T*  FORREST 
BETTON,  M,  D>,  and  edited,  with  Notes,  by  TAMES  C  BOOTH,  Melter 
and  Refiner  U.  S,  Mint,  and  WILLIAM  L  FABKR,  Metallurgist  and 
Mining  Engineer.  Illustrated  by  nearly  700  wood-engravings,  Com 
prising  nearly  1,500  pages*  In  two  volumes,  Svo,,  cloth  ,  f  6*00 

RICHARDS.— Aluminium ; 

Its  History,  Occurrence,  Properties,  Metallurgy  and  Application** 
including  its  Alloys,  By  JOSEPH  W.  RICHARDS,  A.  C.»  Cnemtot  and 
Practical  Metallurgist,  Member  of  the  Deutsche  Chetnische  Gasell* 
schaft,  Illust.  Third  edition,  enlarged  and  revised  (1895)  •  $^'°° 

fclFFAULT,  VERGNAUD,  and  TOUSSAINT,— A  Practical 

Treatise  on  the  Manufacture  of  Colors  for  Painting  j 
Comprising  the  Origin,  Definition,  and  Clans\ficnlton  of  Colors;  the 
Treatment  of  the  Raw  Materials ;  the  best  Formulae  and  the  Newest 
Processes  for  the  Preparation  of  every  description  of  Figment,  and 
ihe  Necessary  Apparatus  and  Directions  for  its  Use;  Dryers;  the 
testing.  Application,  and  Qualities  of  Pnlnts,  etc,,  etc,  By  MM, 
Rimurr,  VKRONAtrn,  and  iVwBSAtNT,  Hevisec)  and  Edited  by  M< 
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F.  MALEPEYRK,  Translated  from  the  French,  by  A.  A. 

Chemist  and  Engineer,     Illustrated  by  Eighty  engravings,    la  one' 

voi,,  Bvo,,  659  pages $5.00 

ROPER,— Catechism  for  Steam  Engineers  and  Electricians: 

including  the  Construction  and  Management  of  Steam  Engines, 
Steam  Boilers  and  Electric  Plants,  By  STEPHEN  ROPER,  Twenty- 
first  edition,  rewritten  and  greatly  enlarged  by  E.  K.  KELLER  and 
C,  W.  PIKE,  365  pages.  Illustrations.  i8mo.,  tucks,  gilt.  $2,00 

ROPER.— Engineer's  Handy  Book: 

Containing  Facts,  Formula.1,  Tables  and  Questions  on  Power,  its 
Generation,  Transmission  and  Measurement;  Heat,  Fuel,  and  Steam; 
The  Steam  Boiler  and  Accessories ;  Steam  Engines  and  their  Parts ; 
Steam  Engine  Indicator;  Gas  and  Gasoline  Engines;  Materials; 
their  Properties  and  Strength ;  Together  with  a  Discussion  of  the  Fun 
damental  Experiments  in  Electricity,  and  an  Explanation  of  Dynamos, 
Motors,  Batteries,  etc,,  and  Rules  for  Calculating  Sizes  of  Wires.  By 
STEPHEN  ROPKR,  15111  edition.  Revised  and  enlarged  by  E,  R. 
KELLER,  M.  E,  and  0,  W.  PIKE,  B,  8.  (1899),  with  numerous  illus 
trations,  Pocket-book  form.  Leather 13.50 

ROPER«»~Hand»Book  of  Land  and  Marine  Engines ; 
Including  the  Modelling,  Construction,  Running,  and  Management 
of  Law1  and  Marine  Engines  and  Boilers.    With  i  lustrations,    jrfy 
STEPHEN  ROMCR,  Engineer.   Sixth  edition,    I2mo.,tvck$,  gilt  edge. 

#3,50 

ROPER,— Hand-Book  of  the  Locomotive ; 
Including  the  Construction  of  Engines  and  Boilers,  and  the  Construc 
tion,  Management,  nnd  Running  of  Locomotives,    By  STEPHEN 
ROPKR,    Eleventh  edition,    i8mo,,  tucks,  gilt  edge          .       jta«5<t 

ROPER,— Hand-Book  of  Modem  Steam  Firs-Engines, 
With  illustrations.    By  STEPHEN  ROPKR,  Engineer,    Fourth  edition, 
!2mo,,  tucks,  gilt  edge $3'5C 

ROPER,— -Questions  and  Answers  for  Engineers. 
This  little  book  contains  all  the  Questions  that  Engineers  will  be 
asked  when  undergoing  an  Examination  for  the  purpose  of  procuring 
Licenses,  and  they  are  KO  plain  that  any  Engineer  or  Fireman  of  or 
dinary  intelligence  mny  commit  them  to  memory  in  a  short  time,  By 
STKPHKN  ROPER,  Engineer,  Third  edition  ,  „  .  $2,00 

ROPER,— Use  and  Abuse  of  the  Steam  Boiler, 
By  STEPHEN  ROPKR,  Engineer*    Eighth  edition,  with  iJtetrations, 
lomo.j  tucla,  gilt  edge      ,,,,,.»       |a,oo 

ROSE,— The  Complete  Practical  Machinist* 
Embracing  Lnth«  Work,  Vise  Work,  Drills  and  Drilling,  Taps  and 
Dies,  Hardening  and  Tempering,  the  Making  and  Use  of  Tools 
Tool  Grinding,  Marking  out  Work,  Machine  Took,  etc,  By  JOSHUA 
KOHK,  39 «;  Kngravinp.  Nineteenth  Edition,  greatly  Enlarged  with 
New  ana  Valuable  Matter,  I2mo.»  504  pages,  1  *  152.50 

ROSB,~-Mechanical  Drawing  Self-Taught: 
Comprising  InntruclioUH  in  the  Selection  and  Preparation  of  Drawing 
xn»tnimentB,  Elementary  Instruction  in  Practical  Mechanical  Draw- 
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ing,  together  with  Examples  in  Simple  Geometry  and  Elementary 

•    Mechanism,  including  Screw  Threads,  Gear  Wheels,  Mechanical 

Motions,  Engines  and  Boilers.    By  JOSHUA  ROSE*  M,  E,    Illustrated 

by  330  engravings,    8vo,,  3x3  pages        *  $4.00 

ROSE,—  The  Slide-  Valve  Practically  Explained  ; 

Embracing  simple  and  complete  Practical  Demonstration*  of  thv 

operation,  of  each  element  in  a  Slide-valve  Movement;,  and  illustrat* 

ing  the  effects  of  Variations  in  their  Proportions  by  examples  care* 

fully  selected  from  the  most  recent  and  successful  practice.    By 

JOSHUA  ROSE,  M,  E,    Illustrated  by  35  engravings          .       $*,oo 

ROSS.  —  The  Blowpipe  in  Chemistry,  Mineralogy  and  Geology; 

Containing  all  Known  Methods  of  Anhydrous  Analysis,  many  Work 

Making  Apparatus,    By.  IJ 


ing  Examples,  and  Instructions  for 

COLONEL  W*  A,  Ross,  R,  A.,  F,  G.  S,     With  lao  Illustrations, 
I2tno  ...........       $2*00 

8HA  W.—Civil  Architecture  ; 

Being  a  Complete  Theoretical  and  Practical  System  of  Building,  con* 
taming  the  Fundamental  Principles  of  the  Art,  By  EDWARD  SUAW, 
Architept.  To  which  is  added  a  Treatise  on  Gothic  Architecture,  etc, 
By  THOMAS  W.  SILLOWAY  and  GEORGE  M,  HARDING,  Architects, 
The  whole  illustrated  by  102  quarto  plates  finely  engraved  on  copper. 
Eleventh  edition.  4to  ........  $6.00 

SHUNK,  —  A  Practical  Treatise  on  Railway  Curves  and  Loca 
tion,  for  Young  Engineers, 

By  W,  F.  SHUNK,  C,  E.    I2mo,   Pull  bound  pocket-book  form  f  a.oo 
SLATER.—  The  Manual  of  Colors  and  Dye  Wares. 

By  J,  W.  SLATER.    i2rno  .......       $3,00 

SLOAN,—  American  Houses  : 

A  variety  of  Original  Designs  for  Rural  Buildings,  Illustrated  by 
26  colored  engravings,  with  descriptive  references*  By  SAMUEL 
SLOAN,  Architect,  8vo.  '..»..,  ,75 

SLOAN.  —  Homestead  Architecture  : 

Containing  Forty  Designs  for  Villas,  Cottages,  and  Farm-houses,  with 
Essays  on  Style,  Construction,  Landscape  Gardening,  Furniture,  eta, 
etc,  JUastrated  hy  upwards  of  aoo  engravings.  By  SAMVKL  SLOAN, 
Architect.  8vo.  ...,,,..  $2,50 

8LOANE,—  Hofte  Experiments  im  Science, 
By  T.  O'CoNOR  SUXNE,  E,  M,,  A.M.,  tfh.  0,    Illustrated  by  91 
engravings.    I2mo  ......        ,  jj^oo 

SMEATON,—  Builder's  PocktSCompanion  i 

»  Containing  the  Elements  of  Building,  Surveying,  and  Architecture  ; 
with  Practical  Rules  and  Instructions  eoi:r»«cted  with  the  subject 
By  A.  C,  SMKATQN,  Civil  Engineer,  etc.  lamo, 

SMITH,—  A  Manual  of  Political  Economy* 
By  E.  FESHINE  SMITH,    A  New  Edition,  to  wMch  Is  added  a  Ml 
Index, 
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SMITH.-- -Parks  and  Pleasure- Grounds : 
Or  Practical  Notes  on  Country  Residences,  Villas,  Putilic  Parks,  and 
Gardens,     By  CHARLES  IL  J.  SMITH,  Landscape  Gardener  ami 
Garden  Architect,  etc.,  etc,     I2mo,  ....        $2,001 

SMITH.—The  Dyer's  Instructor; 

Comprising  Practical  Instructions  in  the  Art  of  Dyeing  Silk,  Cotton* 
Wool,  and  Worsted,  and  Woolen  Goods;  containing  nearly  Scxx 
Receipts,  To  which  in  added  a  Treatise  on  the  Art  of  Padding;  ancjj 
the  Printing  of  Silk  Warps,  Skeins,  and  Handkerchiefs,  and  theft 
various  Mordants  and  dolors  for  the  different  styles  of  such  work? 
Hy  l)/vvu)  SMITH,  Pattern  Dyer,  121110.  .  .  .  $1.50) 

SMYTH, —A  Rudimentary  Treatise  on  Coal  and  Coal-Mining. 
By  WARRINOTON  W.  SMYTH,  M,  A,,  F.  R,  G,,  President  R,  G,  S,i 
of  Cornwall,    Fifth  edition,  revised  and  corrected,  -  With  numer 
ous  illustrations,    Z2mo,          $1,40 

8NIVELY,'— Tables  for  Systematic  Qualitative  Chemical  Anal. 

ysis. 
By  JOHN  H,  SNIVKLY,  Phr,  D,    Svo,       .       ,       .       ,       $1,00 

SN1VELY*"— The  Elements  of  Systematic  Qualitative  Uaemical 

Analysis : 
A  Hand.book  for  Beginners,   By  JOHN  H*  SNIVKLY,  Phr,  D,   l6mo, 

$2,00 

STOKES.— The  Cabinet-Maker  and  Upholsterer's  Companion » 
(Comprising  the  Art  of  Drawing,  m  applicable  lo  Cabinet  Work; 
Veneering,' Inlaying,  ami  Buhl- Work;  the  Art  of  Dyeing  and  Stain 
ing  Wood,  Ivory,  Bone,  Tortoise-Shell,  etc,  Direction*  'for  Lacker- 

inn,  Japanning;,  and  Vanishing j  to  make  French  Polish,  Glues, 
Cement*,  and  Compos'  <  cm;  with  numerous  Receipts,  useful  to  work 
men  generally,  Bv  STOKKH,  Illustrated,  A  New  Edition,  with 
an  Appendix  upur  4ench  Polishing,  Staining,  Imitating,  Varnishing, 
etc.,  etc,  X2mo  ,  ,  .  '  ,  *  ,  ,  .  f  1.95 

STRENGTH  ANB  OTHER  PROPERTIES  OF  METALS i 
Reports  of  Experiments  on  the  Strength  and  other  Properties  of 
MetaU  for  CiwuiotL  With  u  DeHcriptiou  of  the  Machines  for  Testing 
Metals,  and  of  the  Clauwfieadon  of  Cannon  in  service*  By  Ofticerf 
of  the  Ordnance  Detwrtiueut,  U.  H.  Army, ,  By  authority  of  the  Secre 
tary  of  War,  Illustrated  by  25  large  M,«til  plates,  Quarto.  #5,00 

6ULLIVAN*«-«Protectioni  to  Native  Industry, 
By  Sir  EDWARD  SULLIVAN,  Haronci,  author  of  "  Ten  Chapters  ©u 
Sockl  Reforms."    Svo ^l»oo 

SHERRATT.—Thd  Element®  of  Hand-RaUInar: 
vSiiiiplifiad  and  Explained  in  Conclie  Frohlems  that  are  Easily  Under- 
wlootl,  The  whole  illustrated  with  Thirty-eight  Accurate  and  Origi 
nal  Mates,  Founded  on  Geometrical  Principles,  and  Showing  how  "to 
Make  Kail  Without  Centre  Joints,  Making  Belter  Rail  of  the  Same 
Material,  wkh  Half  th*  Labor,  and  Showing  How  to  Lay  Out  Stairs 

'  oi  all  KimlH,    Hy  R,  J,  SHRRRATT.    Folio,    ,       »       ,       $2,50 
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8YME.  -Outlines  of  an  Industrial  Science, 

ByDAVioSYME.    I2ttux         ,  •       »       .       laot 

TABLES    SHOWING    THE    WEIGHT     OF    ROUND 
SQUARE,  AND  FLAT  BAR  IRON,  STEEL,  ETC,, 

By  Measurement.    Cloth         .....       .  #» 

THALLNER.—  Tool-Steel  : 

A  Concise  Handbook  on  Tool-Steel  in  General  Its  Treatment  In 
the  Operations  of  Forging,  Annealing  Hardening,  Tempering,  etc,, 
and  the  Appliances  Therefor,  By  OTTO  THAUNKR,  Manager  !a 
Chief  of  the  Tool-Steel  Works,  Bismarck  hUtte,  Germany,  From  the 
German  by  WiiUAM  T,  HRANNT,  Illustrated  by  69  engravings. 
194  pages,  8vo.  1902  .......  $2,oo 

TEMPLETON,—  The  Practical  Examinator  <>n  Steam  and  thd 

Steam-Engine; 

With  Instructive  References  relative  thereto,  arranged  for  the  Use  of 
Engineers,  Students,  and  others.  By  WILLIAM  TIMPLETON,  Ens 
gineer,  I2mo  .........  $1,00 

fHAUSINQ.—  The  Theory  and  Practice  of  the  Preparation  of 

Malt  and  the  Fabrication  of  Beer  ; 

With  especial  reference  to  the  Vienna  Process  of  Brewing,  Elab 
orated  from  personal  experience  by  JULIUS  E,  THAUSINQ,  Professor 
at  the  School  for  Brewers,  and  at  the  Agricultural  Institute,  MMling. 
near  Vienna.  Translated  from  the  German  by  WILLIAM  T,  BRANNT, 
Thoroughly  and  elaborately  edited,  with  much  American  matter,  and 
according  to  the  latest  and  most  Scientific  Practice,  by  A.  SCHWARB 
and  DR.  A,  H.  BAUER.  Illustrated  by  140  Engravings,  8vo« 

• 


THOMPSON.-Political  Economy,    With  Especial  Reference 
to  the  Industrial  History  of  Nations  : 

By  ROBERT  E.  THOMPSON,  M,  A,,  Professor  of  Social  Science  in  the 
University  of  Pennsylvania,    I2mo,         >  it  i*0 

THOMSON.—  Freight  Charges  Calculator} 
By  ANDREW  THOMSON,  Freight  Agent    241110.      »      ,      11,25 

HJRNER'S  (THE)  COMPANION: 
Containing  Instructions  in  Concentric,  Elliptic,  and  Eccentric  Turn* 
ing;  also  various  Plates  of  Chucks,  Tools,  and  Instruments:  and 
Directions  for  using  the  Eccentric  Cutter,  Drill,  Vertical  Cutter,  and 
Circular  Rest;  with  Patterns  and  Instructions  for  working  them 

*         ' 


TURNING:  Specimens  of  Fancy  Turning  Executed  on  the 

HandorFpot-Lathe; 

•  With  Geometric,  Oval,  and  Eccentric  Chucks,  and  Elliptical  Cottinc 
*rame,    By  an  Amateur.    Illustrated  by  30  exquisite  Photograph! 

^°  ..........        (Scarce,) 
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VAILE,— Galvanized- Iron  Cornice-Worker's  Manual: 

Containing  Instructions  in  Laying  out  the  Different  Mitres,  and 
Making  Patterns  for  all  kinds  of  Plain  and  Circular  Work.  Also* 
Tables  of  Weights,  Areas  and  Circumferences  of  Circles,  and  other 
Matter  calculated  to  Benefit  the  Trade.  By  CHARLES  A,  VAILE. 

Illustrated  by  twenty-one  plates.    4to (Scarce,) 

VILLE,— On  Artificial  Manures : 

Their  Chemical  Selection  and  Scientific  Application  to  Agriculture. 
A  series  of  Lectures  given  at  the  Experimental  Farm  at  Vincennes, 
during  1867  and  1874-75,    By  M,  GEORGES  VILLE,    Translated  and 
Edited  by  WILLIAM  CROOKKS,  F,  R,  S,    Illustrated  by  thirty-one 
engraviriuK,   8vo.»  450  pages     ......       $6,00 

VILLE,— The  School  of  Chemical  Manures ; 

Or,  Elementary  Principles  in  the  Use  of  Fertilizing  Agents,    Front 

the  French  of  M,  GEO.  VILLK,  by  A,  A,  FESQUET,  Chemist  and  En» 

gmeer.    With  Illustrations.    I2mo.  .     *  11.25 

VOODES,— -The  Architect's  and  Builder's  Pocket- Companion 

and  Price-Book ; 

Consisting  of  a  Shou  but  Comprehensive  Epitome  of  Decimals,  Duo 
decimals,  Geometry  and  Mensuration ;  with  Tables  of  United  States 
•  Measures,  Sizes,  Weights,  Strengths,  etc.,  of  Iron,  Wood,  Stone, 
Brick,  Cement  and  Concretes,  Quantities  of  Matcrialn  in  given  Sixes 
and  DimeuKiotw  of  Wood,  Brick  and  Stone;  and  full  and  complete 
Bills  of  Trices  foi  Carpenter's  Work  and  'Painting;  also,  Rules  for 
Computing  and  Valuing  Brick  and  Brick  Work,  Stone  Work,  Paint- 
Ing,  Plastering,  with  a  Vocabulary  of  Technical  Terms,  etc,  By 
FRANK  W,  VOGDKS,  Architect,  Indianapolis,  Ind.  Enlarged,  revised, 
and  corrected.  In  one  volume,  368  pages,  full-bound,  pocket-book 

form,  gilt  edges $2,00 

Cloth       .  1,50 

VAxsf  CCBVB — The  English  and  American  Mechanics 
Comprising  a  Collection,  of  Over  Three  Thousand  Receipts,  Rules, 
and  Tables*,  designed  for  the  U«se  of  every  Mechanic  uncl  Manufac 
turer,  By  B<  FRANK  VAN  CUWB,  Illustrated,  500  pp.  I2mo.  $2,00 
VAN  DER  BXJR0.--Sch.ool  of  Painting  for  the  Imitation  of 

Woods  and  Marbles: 

A  Complete,  Practical  Treatise  on  the  Art  and  Craft  of  (training  and 
Marbling  with  the  Tools  and  Appliances.  36  plates,  Folio,  12x20 

inches.       * $10,00 

WAHNSCHAFFE."- A  Guide  to  the  Scientific  Examination 

of  Soils  i 

Comprising  Select  Methods  of  Mechanical  and  Chemical  Aaalysii 
and  Physical  Investigation,  Translated  from  the  German  of  Dr.  F< 
WAHNBCHAFFE.  With  additions  by  WILLIAM  T.  BRANNT.  Illu* 
trated  by  2j  engravings*  iamo,  177  pages  ,  ,  *  $1,5(1 
HTALTOM-— Coal-Mining  Described  and  Illustrated! 
By  THOMAS  H,  WALTON,  Mining  Engineer*  Illustrated  by  24  fagfl 
and  elaborate  Plate*,  after  Actual  Workings  and  Apparatus.  £5,00 
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WARE.-~The  >Su#ar  Beet.  ••  '  r 

•Including  a  History  of  the  Beet  Sugar  Industry  in  Europe,  Vaxktta 
of  the  Sugar  licet,  Examination,  Soils,  Tillage,  Seeds  and  Sowing. 
Yield  and  Cost  of  Cultivation,  Harvesting,  Transportation,  Conserva! 
tion,  Feeding  Qualities  of  the  licet  and  of  the  Pulp,  etc,  By  L 
S,  WARE,  C.  K.,  M,  K.  Illustrated  by  ninety  engravings.  8vo. 


WARN.—  The  Sheet-Metal  Worker's  Instructor  : 
For  Zinc,  Sheet-  Iron,  Copper,  mid  Tin-Plate  Workers,  etc.    Contain. 
ing  a  selection  of  Geometrical  Problems;  also,  Practical  and  Simple 

Rules  for  Describing  the  various  Patterns  required  in  the  different 
branches  of  the  above  Trades.  By  REUBEN  II,  WAR  N1,,  Practical 
Tin-  Plate  Worker,  To  which  is  added  an  Appendix,  containing 
Instructions  for  Boiler-Making,  Mensuration  of  Surfaces  and  Solids 
Rules  for  Calculating  the  Weights  of  different  Figures  of  Iron  and 
Steel,  Tables  of  the  Weights  of  Iron,  Steel,  etc.  Illustrated  by  thirty- 
two  Plates  and  thirty-seven  Wood  Engravings.  8vo,  .  $3.00 

WARNER,—  New  Theorems,  Tables,  and  Diagrams,  for  thl 
Computation  of  Earth-work  : 

Designed  for  the  use  of  Engineers  in  Preliminary  and  Fhml  Estimate* 
of  Students  in  Engineering,  and  of  Contractors  and  other  w>«.profes« 
sional  Computers.  In  two  parts,  with  an  Appendix.  Part  I.  A  Prac» 
deal  Treatise;  Part  II,  A  Theoretical  Treatise,  and  the  Appendix 
Containing  Notes  to  the  Rules  and  Examples  of  Part  I,;  Kxplium 
.  lions  of  the  Construction  of  Scales,  Tables,  and  Diagram*,  and  a 
Treatise  upon  Equivalent  Square  Bason  and  Equivalent  Level  Heights 
By  JOHN  WARNER,  A,  M.,  Mining  and  Mechanical  Knuineer  lllus- 
f  •ated  by  14  Platen,  8vo.  ,  ,  .  ,  ,  *  ,00 

WILSON  —  Carpentry  and  Joinery  : 

By  JOHN  WILSON,  Lecturer  on  Building  Construction,  Carpentry  and 
jQinery,  'etc*,  In  the  Manchester  Technical  School  Third  Edition, 
with  65  full-page  plates,  in  flexible  cover,  oblong*  *  -  ,  (Scarce,) 
WATSON,—  A  Manual  of  the  Hand-Lathe  ; 
Comprising  Concise  Directions  for  Working  Metals  of  all  kind«» 
Ivdry,  Bone,  and  Precious  Woods  ;  Dyeing,  Coloring,  and  French 
lohshingf;  Inlaying  by  Veneers,  and  various  methods  practiced  to 
produce  Elaborate  work  with  Dispatch,  and  at  Small  Expense,  By 
EGBERT  E  WATSON,  Author  of  "The  Modern  Practice  of  American 
Machinists  and  Engineers,"  Illustrated  by  78  engravings,  #1,50 

WATSON.--.Tbe  Modem  Practice  of  American  Machinists 
and  Engineers  : 

Including  the  Construction,  Application,  and  Use  of  Drill*,  Lathe 
Tools,  Cutters  for  Boring  Cylinders,  and  Hollow-work  g«  nerally,  with 
the  most  Economical  Speed  for  the  same  ;  the  Results  verified  by 
Actual  Practice  at  the  lathe,  the  Vise,  and  on  the  floor,  Togcthei 
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with  Workshop  Management,  Economy  of  Manufacture,  the  Steam' 
Engine,  Boilers,  (lours,  Belting,  etc,,  etc. ,  By  EGBERT  P,  WATSON. 
Illustrated  by  eighty-six  enm-aviuo-s,  I2mo.  .  $2  tn 

WATT,— The  Art  of  Soap  Making : 

A  Practical  Hand- Hook  of  the  Manufacture  of  Hard  and  Soft  Soaps, 
Toilet  Soaps,  etc,  Fifth  Edition,  Revised,  to  which  is  added  an 
Appendix  on  Modern  Candle  Making,  By  AI.EXANDKR  WATT. 

HI.      1 21HO $3.00 

WEATHERLY.— Treatise  on  the  Art  of  Boiling  Sugar,  Crys 
tallizing,  Lozenge-making,  Comfits,  Gum  Goods, 
And  other  processes  for  Confectionery,  including  Methods  for  Manu 
facturing  every  Description  of  Raw  and  Refined  Sugnr  Goods,  A 
New  and  Enlarged  Kuition,  with  an  Appendix  on  Cocoa,  Chocolate, 
Chocolate  Confections,  etc,  196  pages,  I2mo.  (1903)  *  $1,50 
WILL— Tables  of  Qualitative  Chemical  Analysis  ; 
With  an  Introductory  Chapter  on  the  Course  of  Analysis.  By  Pro 
fessor  HEINRICH  Wiu,,  of  Classen,  Gat-many.  Third  American, 
from  the  eleventh  German  edition.  Edited  by  CHARLES  F.  MIMES, 
Ph,  1),,  Professor  of  Natural  Science,  Dickinson  College,  Carlisle, 
Pa.  Svcx  ....„»..  AI.CO 

WILLIAMS.— On  Heat  and  Steam : 

Embracing  New  Views  of  Vaporization,  Condensation  and  Explo- 
fciou,  DyUiAKLKs  WYK  WIUJAMB,  A,  LC.E,  Illustrated,  8vo, 

$2,50 

WILSON.—First  Principles  of  Political  Economy; 
With  Reference  to  Statesmanship  and  the  Progress  of  Civilkatkm, 
By  ProfeHsor  W,  I),  WILSON,  of  the  Cornell  University,    A  new  and 
revised  edition,    iamo,    ,..,...       $1,50 
WILSON.^The  Practical  Tool-Maker  and  Designer: 
A  Treatise  upon  ihe  Designing  of  Tools  and  Fixtures  for  Machine 
Tools  and  Metal  Working  Machinery,  Comprising  Modern  Examples 
of  Machines  with  Fundamental  Deigns  for  Took  for  tkk  Actual  Pro 
duction  of  the  work;  Together  with  Special  Reference  to  a  Set  of 
Tools  for  Machining  the  various  Parts  of  a  Bicycle,    Illustrated  by 

189  engravings,    1898 $2,50 

CONTENTS  t  Introductory.  Chapter  1 ,  Modern  Tool  Room  and  Equipment. 
If"  ffi,H>  J ,h,elri VM And  Abtt*»ftA,  I1!"  Sleel  *»»d  TemtJpwSng.  IV.  Maktnjr  Hp. 
V.  MUUnirMachtnoytxtuiroi,  Vt,  Tew»lswdVixtuwMftirSfl»wM»ohln«i*  Vll. 
Browhlnjr.  VIII ,  I»unohcn  And  I')[*fi  for  Cuttl»<y  and  Drop  I»r(?M.  IX,  Tools  for 
HoUow-WftM,  X.  Rmboidng;  Metal,  Coin,  and  Stamptd  Kho«t-Mou)  Omu- 
m«nti.  XI.  Drop  Forf  rig.  XIT,  Solid  Dmwn  Sh«U«  or  Ferrule*:  Cupplnjr  or 
(utttair,»nUl)r»wlngj  linking*  Down  8httllh,  XIII.  Anndtllnff,  Hekffif . and 
Uewiing,  XV.  Toolij  lor  I)»w  BMioh,  XV,  Cuttltt|  «nd  A^mtiliiif  Pfawg 
by  Mwuwof  Ratchet  Dial  P  ales  AtOdoOpemtlon.  XVI.  The  Header.  XVff. 
J  ook  for  Fox  Lathe,  X VIJL  Ruwpitbrw  to  n  Bat  of  Tool*  for  Machining  the 
Various  Farts  of  a  ttioyele.  XDC^t'he  I'ittar1*  Dynamo.  XX,  Conclu«r«i>- 
Wlth  a  Few  Random  Idea*.  Appendix.  Index, 

WOODS,— Compound  Locomotives ; 

By  ARTHUR  TANK  ATT  WOODS,  Second  edl  tlon,  revised  and  enlarged 
by  DAVID  LEONARD  BAENES,  A.  M.,  C.  E,  8vo,  330  pp.  83.00 
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WOHLER.—  A  Hand-Book  of  Mineral  Analysis  s 
By  F.  W5HLER,  Professor  of  Chemistry  in  the  University  of  Gdttin- 
gen.    Edited  by  HENRY  B,  NASON,  Professor  of  Chemistry  in  the 
Renssalaer  Polytechnic  Institute,  -Troy,   New  York,    Illustrated. 
I2mo.  $2.50 

WORSSAML—  On  Mechanical  Saws  : 
From  tfc  Transactions  of  the  Society  of  Engineers,  1869,    By  S.  W, 
WOR.SSAM,  JR..    Illustrated  by  eighteen  large  plates.   8vo.       $1.50 

RECENT  ADDITIONS, 

BRANNT,—  Varnishes,  Lacquers,  Printing:  Inks  and  Sealing  • 
Waxes: 

Their  Raw  Materials  and  their  Manufacture,  to  which  is  added  the 
Art  of  Varnishing  and  Lacquering,  including  the  Preparation  of  Put 
ties  and  of  Stains  for  Wood,  Ivory,  Bone,  Horn,  and  Leather,  By 
WILLIAM  T,  BRANNT.  Illustrated  by  39  Engravings,  338  pages. 


BRANNT  —  The  Practical  Scourer  and  Garment  Dyer: 
Comprising  Dry  or  Chemical  Cleaning;  the  Art  of  Removing  Stains  j 

Fine  Washing  ;  Bleaching  and  Dyeing  of  Straw  Hats,  Gloves,  and 
Feathers  of  all  kinds  j  Dyeing  of  Worn  Clothes  of  all  fabrics,  in 
cluding  Mixed  Goods,  by  One  Dip;  and  the  Manufacture  of  Soaps 
and  Fluids  for  Cleansing  Purposes.  Edited  by  WILLIAM  T.  BRANNT, 
Editor  of  '"The  Tftchno-Chemical  Receipt  Book/*"  Illustrated, 
203  $ages.  I2mo,  .....  ,  $2,00 

BE  AN  NT.—  Petroleum  » 

its  History,  Origin,  Occurrence,  Production,  Physical  and  Chemical 
Constitution,  Technology,  Examination  and  Uses}  Together  with 
the  Occurrence  and  Uses  of  Natural  Gas,  Edited  chiefly  from  the 
German  of  Prof.  Hafts  Hoefer  and  Dr.  Alexander  Veith,  by  WM. 
T.  B&ANNT.  Illustrated  by  3  Bktes  and  284  Engravings.  743,  pj>. 
$VQ.  Ijr.SO 

BRANNT.—  A  Practical  Treatise  on  the  Manufacture  of  Vine 

gar  and  Acetates,  Cider,  and  Fruit-  Wines  ; 
Preservation  of  Fruits  and  Vegetables  by  Canning  awl  Evaporation,* 
Preparation  of  Fruit-Butters,  Jellies,  Marmalades,  Catchups,  Pickles, 
Hazards,  etc,    Edited  from  various  sources,     By  WlLLUM  T. 
BRANNT,    Illustrated  by  79  Engraving,    479  pp.    8vo,       #5,00 

BRANNT,—  The  Metal  Worker's   Handy-Book  of  Receipts 

and  Processes  : 

Being  a  Collection  of  Chemical  Formulas  and  Practical  Manipula- 
tion.s  for  the  working  of  all  Metals;  including  the  Decoration  and 
Beautifying  of  Articles  Manufactured  therefrom,  as  well  as  their 
Preservation,  Edited  from  various  sources,  By  WttUAJK  T, 
BRANNT,  Illustrated.  iamo,  „  |a,jo 
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,~ A  Practical  Treatise  on  the  Manufacture  of  Per 
fumery  : 

Comprising  directions  for  making  all  Kinds  of  Perfumes,  Sachet 
Powders,  Fumigating  Materials,  Dentifrices,  Cosmetics,  etc.,  wkli  a 
full  account  of  the  Volatile  Oils,  Balsams,  Resins,  and  other  Natural 
and  Artificial  Perfume-substances,  including  the  Manufacture  of 
Fruit  Ethers,  and  tests  of  their  purity.  By  Dr.  C.  DKXTB.  assisted 
by  L.  BORCUKR:",  P.  EICHHAUM,  K,  KUGLKR,  II.  TOBFI^JKR,  and 
other  experts.  From  the  German,  by  WM.  T.  BRANNT.  28  Engrav- 
mgl  358  pages.  8vo {3.00 

Iii D WARDS. — American  Marine  Engineer,  Theoretical  and 

Practical  : 

With  Examples  of  the  latest  and  most  approved  American  Practice, 
By  EMORY  EDWARDS,  85  illustrations,  I2mo,  .  .  $2.50 

EDWARDS,— 900   Examination  Questions  and  Answers; 

For  Engineer*  and  Firemen  (Land  and  Marine)  who  desire  t*  ob 
tain  a  United  States  Government  or  State  License,  Pocket-book 

form,  gilt  edge #1.50 

FLEMMING.— Practical  Tanning: 

A  Handbook  of  Modern  Processes,  Receipts,  and  Suggestions  for  the 
Treatment  of  Hides,  Skins,  and  Pelts  of  Every  Description.  By 
Lewis  A.  Fhmming.  American  Tanner.  472pp.  8vo,  (1903)  $4.00, 

POSSBLT. — The  Jacquard  Machine  Analysed  and  Explained! 
With  an  Appendix  on  the   Preparation   or  Jnequard  Cards,  and 

Practical  Hints  to  Learners  of  Jacquartl  Designing,  By  £.  A. 
PQSSKLT*  With  230  illustrations  and  numerous  diagrams.  127  pp. 

4to.         • fc.oo 

POSSELT,— Recent  Improvements  in  Textile  Machinery, 

Part  III: 

Processes  Required  for  Converting  Wool,  Cotton,  Silk,  from  Fibre 
to  Finished  Fabric,  Covering  both  Woven  and  Knit  Goods ;  Con 
struction  (of  the  most  Modern  Improvements  in  Preparatory  Machin 
ery,  Cardhw,  Combing,  Drawing,  and  Spinning  Machinery,  Winding, 
Warping,  Slashing  Machinery  Looms,  Machinery  for  Knit  Goods, 
Bye  Stuffs,  Chemicals,  Soaps,  Latest  Improved  Accessories  Relat 
ing  to  Construction  and  Equipment  of  Modern  Textile  Manufactur 
ing  Plants.  By  K,  A,  POHHKLT,  Complete!"  Illustrated,  4to. 

#7.50 

mCH,— Artistic  Horse-Shoeing: 

A  Practical  and  Scientific  Treatise,  giving  Improved  Methods  of 
Shoeing,  with  Special  Directions  for  Shaping  Shoes  to  Cure  Different 
Diseases  of  the  Foot,  and  for  the  Correction  of  Faulty  Action  in 
Trotters.  By  GEOME  E,  r>roii,  62  Ilh«m\ttewi.  153  pages. 
Itmo  ,  
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RICHARDSON.  --Practical  Blacksmithlng  i 
A  Collection  of  Articles  Contributed  at  Different  Times  by  Skillet 
Workmen  to  the  columns  of  "  The  Blacksmith  and  Wheelwright," 
and  Covering  nearly  the  Whole  Range  of  Blacksmithing,  from  the 
Simplest-  Job  of  Work  to  some  of  the  Most  Complex  Forgings, 
Compiled  and  Edited  by  M.  T.  RICHARDSON, 
Vol.1.    210  Illustrations.    224  pages,    I2mo,        .        *       $x,oo 
Vol.  II;    230  Illustrations.    262  pages!    iamo»       *       »       $1,00 
Vol.  Ill,    390  Illustrations.    307  pages,    I2mo»    „       ,       $1,00 
Vol.  IV«    226  Illustrations.    270  pages,    xamo*     *       »       $1,00 

RICHARDSOM:— The  Practical  Horseshoe** 
Being  a  Collection  of  Articles  on  Horwshoeing  in  all  its  Branch©^ 
which  have  appeared  from  time  to  time  in  the  columns  of  '*  1  he* 
Blacksmith  and  Wheelwright,"  etc,    .Compiled  and  edited  by  M.  T.' 
RICHARDSON,    174  illustrations $1,00 

ROPER.— Instructions   and  Suggestions  for  Engineer®  and 

Firemen : 
By  STEPHEN  ROME,  Enginenr.    i8mo.    Morocco       .       #2,00 

ROPER.— The  Steam  Boiler;  Its  Care  ami  Management: 
By  STEPHEN  ROPER,  Engineer,    i  smo.,  tuck,  gilt  edges,       #2,00 

ROPER, — The  Young  Engineer's  Own  Bookj 
Containing  an  Explanation  of  the  Principle  and  Theories  on  which 
the  Steam  Engine  as  a  Prime  Mover  is  Based.    By  STEPHEN  ROPER* 
Engineer,    TOO  illustrations,  363  pages.    x8mo,,  tuck      .        $*«5<> 

ROSE.-— Modern  Steam-  Engines  i 

An  Elementary  Treatise  upon  the  Steam-lSnrine,  written  in  Plata 
language ;  for  Use  in  the  Workshop  as  well  an  in  the  Drawing  Office, 
Giving  Full  Explanations  of  the  Construction  of  Modern  Stem»w 
Engines :  Including  Diagrams  showing  their  Actual  operation.  To 
gether  with  Complete  but  Simple  Explanations  of  the  operations  of 
Various  Kinds  of  Valves,  Valve  Motions,  and  Link  Motions,  etc.» 
thereby  Enabling  the  Ordinary  Engineer  to  clearly  Undewtand  the 
Principles  Involved  In  their  Construction  and  Use,  and  to  Plot  out 
their  Movements  upon  the  Drawing  Board,  By  JOSHUA  ROSE,  M,  E* 
Illustrated  by  433  engravings,  Revised,  358  pp.  .  .  $6,00 

ROSE.— Steam  Boilers: 

A  Practical  Treatise  on  Boiler  Construction  and  Exumtaation*  for  the 
Use  of  Practical  Boiler  Makers,  Boiler  User»»  and  Taupectorsi  and 
embracing  in  plain  figures  all  the  calculation!!  neceirnry  In  Designing 
or  Classifying  Steam  Boilers,  By  JOSHUA  ROSE,  M,  B.  llluitrated 
(>y  73  engravings,  250  pages,  Sto $2,150 

SCHR1BBR,— Tke  Complete  Carriage  and  Wagoti  Painter? 
A  Concise  Compendium  of  the  Art  of  Fainting  Cirriage%  Wtgows, 
and  Sleighs,  embracing  Full  Directions  m  all  the  Various  Branches, 
including  Lettering,  Scrolling,  Ornamenting,  Striping,  Varnishing, 
and  Coloring,  with  numerous  Recipes  for  Mladttg  Cows,  73  Illus 
trations*  177  pp.  i2mo t  „ 
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